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ABSTRACT . , . 

The .Center for Building Technclogj (CET) provides t'he 
technical and scientific basses for criteria and. standards that 
ioprove the us,efulness', safety, and econcoy of buildings whii'e • - 
conserving buiTding^ aateirials and energy, CBT's activities support 

. tech nolc qy prograa of the federal, state, an d local 
governaent; assist design professions,, building o'fficiais, and the 
research coaaunity ISj developing design- criteria that** iaprove 
bailding>s; and assist aahuf acturers of building £r,oducts by 
developing criteria_f qr^ e.Vjaluarting, iffnorative building materials^ The 
report— &««aaxi"zes cpT's resear^ch fax calendar year 1975. Each suaaary 
lists the project title, its progress-, point cf contact vithin CBT, 
'and sponsor. The siiaaaries presented in\this' report are arranged by 
subject-aatter categories %o groGp. like projects^ (Author/HLF) 
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Foi^ewbi'd 



The Cetfter for Building Technology (CBT) provides 1he 
technical and scietitifi^ bases for criteria and standards , that 
improve the usttfulness. safety-, and ecoriomv of buildings 
while conserving building materials and energy. dTPs 
activities support the building technology program of the 
Federal, State and local government: assis^design pro-/ 
fessions, building officials and the research community by 
developing design criteria that improve bui|dings; and 
assist manufacturers of building products by developing 
criteria for evaluating innovative building^'materials, ' 
^ rh(r report summarizes CBT's research for calendar year 
1975. Each summary lists the project title, its progress/ ^ 
point of contact within CBT and sponspr. T^e reader is , 
encouraged to review two other companiorT*documents. 
NBS Special Fubliwtion ^^39, The Center for Building 
Technology: A Perspectiie. presents the facilities and * * 
approaclves-to building research at the Center.. Another 
document, CBT Publications, listjj with abstracts and "key- 
words, all reports published by C^T during the past 
decade. ^ ^ ^ 

The summaries presented in thts peport are acranged by 
subjeqt-matler categories, such as Disaster Mitigation. 
S^^uctural Studies, Economics, and so on. These cate* I 
gocies, however, were^selected merely to group like pro- 

ec t s — not to reflect the struc t ure^Qhe Ceriten _ CBl^-S- 

■organizairorTis .showri below: 
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ENERGY CONSERVA liON PROGRAM 

Jack ^neli * / 

Office ofijierg\' CorLseri ation - U)l '92l-'ifi7l 

Sponsor - Kaiional Bureau \)f Suyulards 



The NaUonal Bu reau of Standards 1(NBS) energy con* 
bcrvalion program involves coordinated efforts within ,the 
areas of buOdings, community services, industry and 
standards, carried out by many umls wittnn NBS and ^out- 
side contractors. This project covers the ovennrplanning, 
management, mointoring, and support fun<^tions of the 
energy conservat!on'(JT?ogram offi^-e. The overall [)rogram 
phin and organ r/.ationaI framewcTtk werfTde^eloped for 
management of t^ie buildings and industry portiotis oC the 
* (.enter's energy prograni. Accomphsliments include sub- 
stantial staff support to the Federal Knerg\ \drnimstration, 
the Finergy Research and Development \dtmnistration. and 
the DepJirtmeiit of Hou.^ng and Trban Development in 
developing tlie KY76 energy^ conservation program^, for 
these ag(^ncies. * » 



ENERGY CONSERVATION ' •* 

INFORMATION 

Jack Snell ^ 

Office of Knerfr\ Cojuserialion - iOl'92\-A^7l 
Sponsor - \ational Bureau of Standards 



To be most effect i\e, researeli finding^ on energy con* ' 
ser\ation need to quickh reach those'^who ma\ l^enefit 
from tliem. They also must be presented irt an effective 
and usable forrji. This project supports preparation of a 
variety publications to disseminate the findings of the 
National Bureau of Standards research. Inquiries for tech- 
nical information are accotmnbdated. and information 
brochures prepared. Liaison is being established and 
maintained with the university and academic com'niuliity 
and" with industry and professional groups tc^ identify 
energy conservation needs and to foster the exchange .of 
ideas and information. - A series of issue papers will l)e 
presetTted and seminars invqlvnig hiathng acadeniic and 
yidustry researchers will be supported. . 
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EN ERG Y CONSER V A 1 lON IN 
BUILDINGS 

llemz Trechsel 

Office of Efiergx Conservations M)l^2l' m2 
Sponsor -i\aCional Ihireau of Standards 



Tluh program irtNoKcs coorditiaUMi t^ffortb ( arriod out 
!)¥ rnati) m\iii> within tlic^ Nniiotial Bureau* of Standards ^ 
and conlracturs. It i^upport^ tlie overall building-relat^^d 
plantniig, management, momtornig. and support fnnetions 
of tfie (^nergy const^rvatiotPpro^ram offle(^ Tlie (Center is 
f^valuating tlie energ) eoubervation m buildings program 
for.p'TT and l)e\ond. baSed'on an analysis of future re- 
bearili needi^ and prioritises, A systems study of en(T^ 
\)i\\J\Ci^ ni building, tHjn.ijdering alUlie dements of ^ergy 
gains ^id losses, being eondurted to determine ttfQse, ■• 
areas of teelinology requirnig researeli \>lncli liave the 
gl'eatest potential for energy ronsvrvatioruboth in tlie near 
and long term, ^ ^ " ' ^ 
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Ilrniz Tn'(hsrf 

Sponsor - Federal Knvrg'\ 'idnunistraiion 
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Tlie Na,l«onal fiureau of Standards (^'BS) energy cqn- 
ser\ation ir^ buildings pt^ogram invoKes coordinat.^d efforts. 
Within Nl^S. tUe Federal F^nergy Admiriistcation (FEA), 
out^de rontractors. and-other ;igericies, KiToject activity^ 
inrludes^detailed tnoiiitorin^of the NBS research projects 
in the FF\-suppbrted energy conservation ni buildings 
program, milestone completion, aiu^delivt^ry of products, 
\lAjor acjivitu^s u'Iso wuolve (Jeveloping'^ud plannnig the 
research program'^and pVoviding toehnical support to FEA 
for evalualion of researoluproposats. technical conferences* 
etc. 



ENERGY STORAGE IN Bl ILDINGS 

Joseph Chi ^. . 

Umlding Environment Division - iO I -921-3521 

Sponsor - \ationa! [kireau of Standards 



The goal of this [jrogram 4s to establish which energy ^ ^ 
storage techniques ^ire* most advArrrageous. The program is"* 
estabhslnng criteria for ii\corporating (Hiergy storage 
sysl^nis into buildings, determining the potential of various 
types of energy storage systems, and yevelopirig test 
methods for evaluating energy storage^Vstems, 'Some of 
the technologii^s to be evaluated are thermal storage 
(latent/sensible), flywheels,' batterii?s, hydrogen, com^ 
pressed air/magnetic and hydraulic. j 

'I'lie criteria to be dt»\'^doped'will inv^4ve the deteriiiina-^ 
tion of those parameters (i.e., energy density, speV>ific. 
'energy, etc.) jhat hre significant for evaluating'the^com- 
patability of Various energy storage systems with different^ 
types'*of buildings> It will also attempt to ^si^lish quanti- 
tative raiTges within which the parameters /hould rem^jin 
for each building type. These ranged wilybe established 
by a thoftfugh analysis of energy Ifcmandl in existing* 
Iniildings. 



GENERAL SERVICES , 

ADMINISTRATION MANQHESTER • 

BUILDING 

. ' " ■» 
Tarhami Kusuda 

Building Env'ifoiwieiit Division ■ 3(fl-92l-350l 

Sponsor. - Energy Re^arch an4 Development 
Administration 
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, The Cenler is a&sisling the Qeneral Sjervices Administra- 
tion to design, construct. ^and eN|(liate an energ) con- 
serration demonstra'tion. office building ]/i \knchester. 
New Hampshire. Gomprehensive energ)' analysis calcula;, 
lions were followed by experimental validation b) securing 
at least two years of continuous (hourly) data acquisition 
foriuilding thermal performance and energ)' consumption. 
This project also covers the design- procurement and • 
evaluation of a jolar heating and cooling system. , * 



ENERGY CONSERVATION IN GARDEN 
APARTMENTS \ ' 

Ma^Needleman • ' 

Building Environment Division - 301 -92 1 -35 12 

' , ^ / * \ 

Sponsor ' Federal Energy- Administration 



Heating and cooling toads are being measured for a 
garden apartment complex. These loads will then be com- 
pared with corresponding values after techf^iques to. reduce 
energ)' consumption are rnstalled. These retrofit measures 
include installation of storm windo\*s, addition of solar 
shading devices to the window systems, and installation of 
a device to record the on-off Qycle'of ih^ heating and air- 
conditioning system. The NatiOna') Bureau of Standards 
Load Determination (NBSLD) computer program will be 
used for* predictfng pre-felrofi/and pt^st-retrofit heating 
loads for three in^rumented apartments. Then, ^BSLD ' 
will b^ used to preditt heating locsls.for {he whole apart- 
ment complex, permitting >he r^du^tions in heating 
requirements to be qupntifiid. Tbis procedure ^jill be 
repeated duringjhp'summ^t season, permitting tiieTeduc • 
tion in cooling'energy requirements tcv be quantified. 



TWIN RIVERS ENERGY 
CONSERVATION 

Meinz Trqchsel 

Office of Energy- Conservation - 30 1 -9^1 -3892 

Sponsor - ^ergy Research and Development 
Administration , 

✓ 



This project is operating in cbncerf with the National 
Science Foundation project, "Energy Husbandry in 
Housing," bejng conducted byTrincaton University. The 
study'*is a two-year effort consisting of a^planned retroffit 
^ experiment jil townhoirses at Ywin Rivers, New Jersey, and 
the development of a series of 'manuals for ''specific audi- * 
ences of the building commttnit)^. Low-cost retrofit experi- 
ments are being conducted to provide quantitative data for 
retrofit manuals. .An-energ)' conservation guwle fot Home- 
byj4ers and an operating manOal (oi'^homeowners will be 
, developed. Durjng;,FY7?^ an experiment will b«* conducted 
• to provide a measured data b'ase for a^ retrofit manual that 
.^starts with the assumption that an investj^ient in energy 
cons6r$ition,wi)| be made. Other manuals;to be pro- 
duced in^FY77 include ^ manual for small builders, a 
manoal tor state and local officials, a manual for large 
.builders, developers, ajrchitecjs and engineers, and a hand- 
book for the building research community. 



SUPPORT: COMMUNITSr SERVICES 
ADMINISTTRATIOiN WINT ERIZATION , 
^/PROGRASI • ^ . 

Jdhn Stroik ' ' — ^ 

T^^mkal Evaluation and Application, Division - 

301'92i'359^ * • 

t / . . 

Sponsor • Community Services Administration. 



Since it has Wome impy&tive to conserve energy aqd 
ener^ costs are increasing. The Conomunity Services 
Administration (CSA) has established a program to ** 
. winterize the honjes of those'least able to afford retrcH - 
'fitting to conserve emergy^the poor. The Ceffler 'will^ • . 
^assist the CSA in*its program by developiiig; performance 
criteria and retrofitting guidelines, and^providing technical • 
assistance in revievnng and evaluating methodologies. 
This-iacludes the dev^Jopment of a comprehensive^lan 
plils immediate technical assistance for ihe CSA. 

After analysis of the stateK)f-rtie-art in retrofitting lor 
energ>' conservation of low-income family housing, 
including past 'and ongoing CSA projects, a comprehensive 
plan of reseaFch &d t«:hnical assistance wftf"be developed. . 
Included will be: investigations jnto the performarice of - 
existing materials ^d methods; evaluations of the CSA 
pilot projevrt in Colorado; technical apd econo^nic evakia* 
tions of innovative retrofit options; development'ofcriteria 
for use in guidelines in addition to»assi^ing in theHevejo^^ 
ment of the gui^jjlii^ themselves. The' work will be 
carried put by aJi-^eHJ^iptinary^i^am of archit*ect^s, 
thermal engineer^iuilding economists, material speci^ists, 
and others. . ' * •*» . 



^COMPUTER CO^^TROL OF HEATING, 
\^NTILATr>G AND AIR CaNDITIONESG 
EQUIPMENT FQR ENERGY 
CONSERVATION 

David Didion 

^ Building' Environment Division • 301 -921 -2994 

^Sponsors - 2\qhonal Bureau^ Standards 
Federal Energy Administration 



To determine the operajtional control techniques that - 
>sill proMde the greatest, and most practical,- sa\ing^ In 
general purpose laboratories at the National Bureau of 
Standards (NBS)» an jexperimental program b being con- 
ducted. It entails the automaton of mechanical osy stems, 
central computerized control, and metering of selected 

, 2ones in an NBS jmilding under a vdSriely of-control 
ptterns and seasons. Based on tliese results and practical 

' operating expepence, a more realistic determination^ can be 
made ef th3^meth6ds to be used in the remaining general • 
purpose labs and in th'e NBS Administration Building. The . 
. experimental data verifying the computer simulation anodel ^ 
will ailojv for ^ipjieralization to other office buildings of 
•similar systems. 

The Center \s*ilH,nstall iifstrumentation and controls in 
the ten aij handlers'in the biiHding. Si^Is from these 
points will be sent to a c&tral computented control panpl, 
which will determine the mod§, or modes, of operation? tliat 
will resuh in the most eiTicient operation compatible with 
the laboratory requirements. Nfeasurements of th^ energy 

^co^umplion b'ill be made during four seasons to deter- 
jnine the energy savings acbievable^'through the automation 
of th^ heating, ventilating and air conditioning systems 
serving ^he general piffpose^'laboratories at NBS. 



VENTILATJON SYSTEMS FOR ENERGY 
CONSERVATION 

' Tamamt Kusuda 
Building Environment Qnision • J0h92I' iS()l 

^Sponsor ' SaUonal Bureau o f Standards 



Since agproximaleK 30 percent of energy used far ♦ 
healing and cooling a building is speril\or processing vent- 
ilation arr, it is important to design and operate ventilation 
systenji efficieptU'^ < 

The approi{ch is 'to stud^ the.amount of outdoor air 
nmled for the well-being of the occupants and to develop 
methods of controlling ventil^Vion rafe according lo the* . 
needs of the occupants. In conjunction with an Energy- 
Research and De\elopment Administration-supported pro-, 
ject, actual Gildings will be operated under planned 
ventilation modes, and the occupants' responses will be ' 
studied simultan^usl). The specific approach t^aken in 
this project is to study *ihe build-up pf various room air 
contaminants under various -modes of vehtilalion control, 
t\pes anS location of ventilation air sensors, and the 
\ariable \olume systems and a reheat system. Thi^ study 
will use'^lie Nativ>?jal Bureau of Stapdards computer 
^>ro^f3m that '^mullate^ the [)erforman< e of air'^ui^ (venli« 



EQl IPMENT MAlMtN \NCE FBR 
E>ERGY CONSERV V^FION 

Joel Lei-y ^ • , - 

Technical El aluaSton and Apphcatutn Diiision 

301^921-3701 



* Sponsor - Federal Energy -tdminisiration 




Better mamtaiiitnj ^njuipment will tue less energy per 
^ unrt of output, I'nder these «onditiOns, it becomes profit- 
able to inrre^e the ie\el of equipment. maintenance used, 
to flehver btiiHing semges. The purpose of J[his study i? 
to develop a model that wiil permit quantification of the 
appropriate level of maintenance ih term^ of performance ' 
attainment and relative costs. Such a model wilLhePp 
decision-maiJeb select economicalK efficient levels*of 
-mamte^nanre fo<- elements of budding services equipment^ 
^urh d-- hf.a<ing, \enlilating, and air-^onditioning systems, 

^Uununarion t^qmpmenl. and elevators an3 escalators, 
X finiie-state, finite-a<:i>on*space Marfeovian dynamic 
pruffiramming model of equipment performance as a 
function of -niarntenance levels. will be const i;jicted. \n 
algorithm for finding the* best maintenance policy will be 
written in the B,\SIC computer lahguage. The model will 

' be applied m an illustrative example. 



FIELD STl OF OIL Bl RNERS 

' Get^e^Kellr * ^ 
Building EniirohnfenfVnision • 30h92I^Vi2I 

Sponsor • Federal Energy- 4 dm migration , 



FmproMng the seasonal performafice of residential oil 
burners can say^^a^iderable entrg)*. This program is 
aimed at delermiping'^ow^xhis car> be done and evaluating 
the potential energv* savings that could result, from various 
modifications. * ^ ' 

A prot-edure tor redncing nozzle size aild for recognizing 
oversize units will be developetk^ Then, a field $lud>t will^ 
be made'to evaloate further reductions in the firing rate 
achievabl^^ through burner modification and change^ in the 
fire box.^ w * 

During FY75, data were obtained oo the effect of annual 



oil burner tune-up and the potential ene3rg^ savings result- 
ing from the reduction of nozzle^Siae on oversized installa- 
tions. The projected average seasonal fuel and cost saviiigs 
obtained bj* a- 29-percent reduction- of the average nozzle 
size of a representative mix of oil-burner systeijjjs iq New 
England were 5.2 percent and 3.7 percent, respectively. 

v^Savings for four other system, mixes, representative of 
oiher'U.S^. regions, wer^ also derived, t - * 

The analysis indicates that the control of excess com- 

• bustion air is an essential factor in the amount of energy 
savings realized. The study found that (1) up to an 8- * 
percent fuej saving could be achieved by npzz|e size reduc* 
tjon if the percent of ex^r&s air could be majhtained 
corisfant; and (2) the savings would be increased lo' 15.7 
percenj if the nozzle size reduction could have been 
cqdpled^io a reduction in excess air Trom the "as found" 
average of 85.7 percent -to 40 percen^-(ctfmvalent to'a 21.5 
percent reduction of combustion air). 
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MODULAR INTEdRATED UTILITY . 
SYSTEMS: DEMONSTRATION 

Clinton Phillips 

Office ofiEnerg) Conservation - J0l'92I\i7'U 

Sponsor - Department of Housing and I 'rban 
* ^ J Development * 



MODl'LAR INTEGUVTED I'nLtTY, 
_ SYSTEMS: DESIGN, ANAIASIS AND^^ 
TEOINICAL SI PPORT 



John Ryan 

Opice of Energy- Conservation - 30 1 -92 1-3741 

^Sponsor - Department of Housing and ( rhan 
Det;eldpment 



> u * 

The Modular Integrated Utility Systems (MIUS) demon- 
stration ji5 the first fully-integrated plant demonst/ation 
providing electrical, therinal, solid waste inanagemenl, and 
wastewater management community services.' The Center's 
s>ucce6sful invx)lvement in the MIUS Total Energy Denion^« 
stration for the Department of HoOsing and Urban 
Develo^mertt (HUD) has'resufted in the Center being giv^-n 
lead technical responsibility^. The Center for Building 
Technology will develop and implement the MIUS design 
monitonng and evaluation plan of the.plapt sitnilar to that 
provided in the Total Energy Demonstration. ^The design' 
monitoring requirt?^ that iJie National Bureau of Standards 
(NBS) l)e responsible, for'eyaluating the "deeign^ of the 
.MIUS pliant in accordance with the NBS-prepared perfbnn- 
ance speciTication. 

In FY75, the Center provided enei;gj!^'econ6mic, and ' 
' environmental analyses of proposals received in response 
to HUD\s .MIUS Demonstration request for proposals. 
Initial program plans for the complete demonstration, 
design monitoring and performance evaluation' were 
developed. * 



Although the prmcipal technical stud/ resources of the 
Department of Housing and Urban Development (HUD). 
.Modular Integrated Utility Systems (MI^S) program are in 
other participating agencies, the Centers' expertise is used 
to knit together the te<;(uncal output, to assist HUD in the 
technical /lirection of the program, and to review other 
partici^ating>agency docurneli^atifin for publication. 

Four efforts have beeh identified under llie Design, 
r Analysis andTechhical S\ipj$ort Program: Performance 
Sp<icifications; Economic and Institutional Studies; TecK- 
meal Reviews; and Technology Evaluations. \ 

In the performance specification effort the Cent\r is 
developing a document which- contains the minim\irA per- 
formance quality levels of the MIUS product^ and \ 
services: reliability, energy efficiency, control^ enviro\ 
mental impact, natural hazards resistance, o^upational 
safety, and' community impact. 

Under the Economic and Institutional Studies effort, t 
Center is conducting^cost/benefit, economic feasibility, ai;i 
marketing studies, to develop methodologies for such 
analyses and to identify and develop solutions to inafitu- 
tional, legal, and goveriinieiital factor^ whicK constrain*, 
delay or prevent th^'implementatidn of the MIUS concept. 

In the Te('hnicah Review effort t*he Center for Budding 
Te(?hnology is eondiicting coordinaled technical revfews of 
certAi MIUS progrtim docymentation and performing less 
rigorobs reviews of'other program docuinentaU'on. 
^ In the Technology Evaluation effort theXjeuler is 
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conducting investigations in several key areas of MIUS 
technology. Particular emphasis is placed on those tech-' 
"tiologies where particular NBS expertise exists. For 
Example, technojogy evaluation of heat pumps relative to 

technology and of the integration of waste\^ater 
treatment in MIUS is being performed. A new task con- 
cerned with the field-based laboratory investigation of solid 
waste incineration/heat recovery/MIUS integration of the 
Jersey City Total Engery Demonstration site was initiated. 
In addition, completion of earlier efforts i^ anticipated in 
FY76: publication of the MIUS tecFjp<rtogy evaluation of 
comptUer software; the solid waste data base; and an 
electrical load profile. 



MODULAR INTEGRATED UTILITY ' 
SYSTEMS; PROJECT MANAGEMENT 

. Clinton Phillips - - . 

Offite of Energy Conservation - 30^921-3741 

Sponsor - Department of Housing and Urban 
Development . . • 
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MODULAR INTEGRATED UTILITY 
SYSTEMS: PROGRAMMATIC 
SUP'PORT 

Clinton Phillips * ' i - , 

Office of* Energy Conservation • 301-921-3741 

Sponsor - Department of Housing and Urban 
* Development ^ ' ' 



The Department of Housing and Urban Development 
(HUD)-Modular Integrated Utility Systems (MIUS) pro- 
gram IS studying—by means'of real-life demonstrations—- 
ihe im'proyeiiTents~to be obtained by integration in furnish- 
. ing the essential utility services for communities.' The 
utilities of prin^cipal. concern are electric energy, heating 
and cooling, Ijquid ^nd solid waste management ;Mid 
potable water. Integration of the facilities for pro.viding 
these services minimizes net environmental impact and 
permits optimization of energy utilization, mass-flow, 
resource demand/ management/maintenance labor, and. 
plant sizing. The project consists of several princf^pal 
* subelements: Technical Support, Total Energy Dernopstra- 
tion and MIUS Demonstration. ^ ' . 

/^Thet^ent^er, uqder the Department .of Housing and 
Urban Development (HUD) Memorandum of Under- 
standing on the Modular integrated Utility System * 
(MIUS), has provided programmatic ixianagfment support * 
to HUD for the overalj multi-agency HUD-MiU5 program. 
For the past year .the GenteV has monitored the overall 
direction af the program, made technical arxcI'TTianagerial ' 
^ rjBcommeridations to HUD, particjpat^djn inferagency dis- 
^ cus^ions as suppoijL to. Ht)D, -represented HUD in vaVioua 

rolesr and provided a management information system 
• Service to HUB. 

During 'FY75, information systems were developed, ^ 
' accepted by HUl3, refined, anct niaintained. Final duplica-^ 
{ , tio.n and organization of the MIUS technical reference file 
^ 'was completed. The* Center developed and maintained a 
program control, and^ monitoring information system in a 
V MIUS situation room^'display at the National Bureau of 
Standardsf^ 



ENERGY CONSERVATIOiN HANDBOOK 

Clinton Phillips 

Office of Ener'gy Conservation - 301'921-374l 
- • * 

Sponsor ' United States Air Korce 



This research wiH uJentify and consolidate energy con- 
servation measures* determine their applications to Air 
Force focihlies, and prepare an energy conservation hand- 
\^ book for use by the Air Force base engineers. The liand- 
, book will explain energy conservation options and pro- 
cedures for retrofit of existing facilities. In addition* the 
handbook will present benefit/cost analysis procedures for 
computation, of potential savings and amortization data for 
alternative energy conservation measures. Health, safety, 
and environmental impact will also be considered. Special 
portions of the handbook will be ^devoted to conducting 
building surveys and energy audits. 



INDUSTRIAL ENERGY MANAGEMENT 
-PflodRAM * 'iv""^ 

Kenneth Kreidet — ' "-^ • y ' 
Office of Energy Comen ation -^l -921 -3275 . 

SponsBT.-'^eparlment of Commerce ' 



TheJ)epartRient of Commerce^(PoC) has developed a 
"prograjn^ based. on tli&NationapBureau of Standards 
(N^) Ifand^dt 115, Euer^ Conservation Program Guide 
for Industry dnd Cormnecce to assistjndustry aqft commerce 
in ^ijiii3^it|g to tlw increased cosrand shortage of CTiergy. 
jy<vCentV i»'feupj)}ying the scientific a nd t e ch nical sup- 
' pprt t'oDofe: \' ' . 

; Specific nVoject^^i th(i (jenter^s effort include supplej 
. mjnts.^o Flandljook US, a guidebook specifi'cally for small 

busiue^^seS^engagedniriight industry and commerce, a ^ 
' college cou^& g^Jc*fpr energy conservation practices, case 
studies in sngallwPsine^sses, a waste heat -engineering guide- 
book, *ind process* energy conseryati(>n manuals for such 
areas as s^^^m^y^tejifs.. furnace^, kilns, and ovens. The 
Center wirNfe^ provjjle, as requested, technicfil review 
and analysis of indi^trial processes, research proposals, 
and legislative proposalsMn energy conservation; technical 
support for w(^vfehOps;^and program management for 
effective coo^inalion «of NBS projects and for inter- ' . 
actions wit^ other government, academic, and ind 
instituTio^fs.** , * ' 
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Lack oPa firm t(?chnical base in energy conservation will 
seriously hatnp^r nat^anal,effort$ in energy .conseryj^Mon 
and selection anB'implementajion ofKederal fiscal ttn^^ 
•'^tPgularorf initr^tiv.e, sin^jhe |)robkm.of excessiv<e energy 
cons\Knptiori^§ ba^^d on effective technology. ^/^ 

T^^hi^indastt-y in. voluntary energy conservation pro- 
jects, theYoIlqwiiig activities are being U?idertak<;n; ' . 

• An -assessrTg^nt of the use. of the Natioi^l Bureau' of 
Standards (NBS) Handbook 1 15, Energy Conservation 
Program Quide for IndusXry and Commerce (EPIC) in 
fivVindustrial plants" has been (?&ni missioned with the 

* University of Tennes«^e. . 

• r\ Catholic University study is bein^ used*to help - 
dtjvelop tfip EPIOp^gfam for light in({uStry and" 
commerce. 



• A ufiLversity eugipeenng course on energy manage- 



jmvers 

n^jjased upon EPIC, is being developed. 
An assessmen^of the^Tdle of measurement, technology 



menP 



and controls energy Conservation in industry is being 
carried out, *A systgm ^ill be developed for evaluatjng 
energy fluxes in an industrial-process, and recommerfd^i- . 
tions will be made on ways^O monitor and control these ^ 
fluxes. In addition, an effort* v^U bfe made to gain insight 
into^possible technical developments aimeil at improved 
energy contrpL- ^ • 

The NBS role in combustion technology is being 
assessed. In partjicular, NBS^is examining the measure- 
ment research, nee^s of the industrial community and the 
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ESTABLISHMENT OF A DATA BASE. 

FOR Combustion MODELiNe ; 

^Kenneth Kreiiler * * 

0//Jce o/" Energy Conservation • 301-921-3275 

iSponsor - Energy Research and Development 
Administration ^ 



^ ENERGY CONSERVATION IN 
\, BLENDED CEMENT 
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.aggfopriate roj^^f NBS, th^inatiohal lab'oratoriesAnd 

•-The use o'£ improved thermography for 'industrial plant 
surveysis. being further developed and applied to process 
heatr'balances and plant energy audits. Quantitative 
stlidies will be carried out on ^electeiti industrial facilities, 
including befare and after studies on the effects of energy 
conservatio.n measures on patterns oC radiant energy losses. 



InTecent years a major advance has taken place in the 
quantitative computer modeling oP large scale chenxical and 
engineering systems. The usefulness of present;day 
computer models is strongly dependent on a detailed arid * 
accurate description of the elementary chemical jeacjions 
and 'thermal properties of the reactive intermediate radical ' 
and ionic species. The mfithematical iliodels have iijOW r 
become crucial tools in combustion systems development ^ 
and control;' In paTticular, they are invaluable for the 
proper interpretation of bench anxi pilot plant experiments. 
At the elementary chemical reaction level, the data are 
pertinent to. many different system models, and there is an 
oVerri^ling need for consistency^ as well as accuracy, in the 
data'tase used when differentt)rgani?:ations attack the 
*same problem area.* ThiSjcf'eates a ^^eed not only for 
measurements, but also for development of new and fnore 
accurate measurement techniques and cbrpputerized data 
activities. * ^^"^^^^ 

The-National Bureau of Standards (NBS) will address 
the development of accurate data on the mechanisms, rates 
and energetics of sdecjed classes of combustion reactions. 
These data are used not only in combustion, ^but also in 
m^ny7other sectors of technology to develop quantitative 
models' ofjiiVers^high temperature systems to aid in the 
descrij)t^ion and control of j^Qames,^ plasmas, combustion 
ayste ms. and petrochemical processes.i^The^project 
activities indude development and Sefiqition of measure- 
ment techniques, accurate measurements and compilation, 
evaluation and dissemination of data. 

' NBS i§ assessing where the data needs for' combustion 
research and combustot*. development are most urgent, and 
engaging in data measurement, compilation, and^analy^is, 
aimed at producing a.series of reports presenting reliable , 
and consistent datat^Qh 'those reax^tions foT which such data 
are^most'ur^ently nee.ded. * ^ . \v 



At'present, portland cement manufacture requires 
^almost^pne percent of the energy coi\sumeiJ in the U.S., > - 
Th'e-rcplacement of a portion^of this material by a suitable 
waste product such as fly ash wiU resjilt;in:a^bstant(al 
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K^iiticth Kreideri — 

C^fice of Energy- Conservatiotr - 301 -921 <V275 

Sponsor ' Energy Rese(trch and^Deiehpment 
Administration ' * 
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ehergy savings and also will alleviale waste dispos^ 
problems. Electric utilities now produce about 30 million 
tops of fly ash aytuially. AVhile blended cements have 
seen only limftea*Tisesin tWU.S./'their, value has been 
demonstrated b) extensivNf use m other industrialized* 
countries. ' , . * ' 

In' this project, the reactions of blended c$ments*con- 
taining waste and by-product materials will be studied to 
provide insight^loTRerTTnportant variables in the choice of 
_cement replacement materials. The effect of the replace- 
ment materials on^the alkali-a^rtgate reaction, sulf^jite^ ^ 
resistance, sVength development^ and durabihty of blfended 
cements will be evaluated to provide a basis for per/orm- 
ance tests and criteria. 

The s'tudy of the alkali-aggregate and sulfate attack - 
reactions will be carried out by chemical analysis, X-ray 
diffraction, scanning electrc/fi ^nd optical ^icros^copyT 
thermal analysis, and imeclianical property measurements. 
Although tests will bej carriedl)uTTn accorda{ice with the 
American Society Ypr Testing and Materials (^^5TM) pro- 
cedures, new tests wili be developed where needed. The 
new tes^ will be submitted for consideration by ASTM. 



CHARACTER IZATIOIN OF \^ ASTE 
PAPER PULPS J 

Kenneth Kreider " 

Office of Energy Conservation - 3pi-92l-327^ 

Sponsor - Energy Rf^sdirch and Detelopnxent 
Admitnistration ^ ^ ^ 
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Paper recycling-results in c^onsiderable savings in* ■ * 
energy consumption pe«r ton' of paper produced; no legg^ig 
or pulping is required in paper recycling. However, most . 
wa^te paper is composed of a mixture of paper grades. ' 
There is a limited Ose for this waste paper, regardless oT 
the quality of the paper in the»mixiure, since the paper 
industry is'not Accustomed to working witli unknown Tiber 
mixtures. If pulp made. from mixed waste paper were char- 
jicterized and graded, there would be greater incentive to ' 
recycle,TiTrce this waste cpuld bef used to make more than 
. just the lowest o( paper 'gr'ades. ' 
* In this project, test methods are^being .developed to 
supply the data necessary to characterize and grade pulps . 
raa<Je from mixtures of assorted fibers. At first, mixtures 
.will ,be made frjom identified^rid characterized pulps 
' according to a statistical ^mpling»plan,\ Fiber-length di3- ^ 
.tribution^will he determined by arf image-analysisf tech* 
, niqye, and the specific 'surface of the pulps in aqueous, ' 
suspension will be determirtcd. Paper wilfbe madb on a 
laboratory scale, and >the physical properties of the paper ^ 
-wilt^ determined. F\ber strehgtlrand bondabilily -will be 
determined by a short-span tensifc/tecbnique. At complete 
[ statistical 'i^nalysis of the data wilfedetennine the host 
means for predicting paper prpperties from pulp properties. 
Finally, pulps will be madeTi-ofh Mxed waste papl*r,chaj:ac- 
teri:^ed, graded,' made in^o paper/, and evaluated to compare 
predicted wjth actual properties. , L« 

r lrrcreased recycling would result in l5^wer energy , coa-'*''. ^ 
sumpti€>a by tlfe paper*industr^,,and many solid waste- 
problems for munidpaliljes woy Id i^^^^^ ^ 
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PROCRAM ImaNAGEMENT FOR 
STANDARDS RESEARCH AND 
DEVELOPMIENT 

Jim Heldenbiaifd ) ., " 

O^ice of-Ener^ Conservation -yJOI'^.rSm 

* \ 

Sponsor ' Energy^ Rescarrh and development 
AdrmnUtratiOn^ . 



The objective of this project is to provi(|e the program , 
management* services t6 obtain the conceptual models and 
researcl^ data needed as a basis for drafting energy coa- 
servation standards of the performance type. * 

The Offipe of Energy Cons^ervation, Center for Building 
Technology, will act as technical program manager for 
planning an(| integrating the ^n^rgy Research afiS Develop 
ment Administration (ERDA)/the National Bureau of 
Standards (NBS) research projects for development of ^he 
energy conservation performance standards (as defined in 
the Modification of ERDA/NBS Memorandum of Under-, 
'Standing, November 1976), planning and integrating the 
relationships of similar work funded by all other agencies 
at the NBS, and coordinatinj^ with and integrating the 
products of directly related work funded by theliftPA at 
other -locations and work performed' by private organi- 
zations. 



AMERICAN SOCICTY OF HEATING, 
REFRIGERATING AND AIR.CONDK 
TIONING ENGINEERS AND NATIONAL 
FIRE PROTECfl(ijJ ASSOCIATION 
STANDARDS FOR gJ^RGY 
CONSERVATION .J 

Paul Ac/tenbach 

Building Environment Division - M)l'92l'3&37 
Sponsor - ,\ atibnal Bureau of Standards 



^ ASHRAE Standard 90-75, Energy Consen>ation in New 
Building Design was issued by thf American Society of 
Heating, Refrigerating, and Air Conditioifing Engineers 
. (ASHRAEj^i collaboration with the llluininaaing Engi- 
^ neering Society (lES), in October 1975. ,It is the nation's 
first comprehensive energy conservJftion stan3ard that is ' 
applicable tO'^all types of new buildings. , , . 

ASHRAE 90-75 is based on a research document, ' 
.NBSIR 74^46l£ Design and Evaluation Criteria for Energy 
Conservation in Neiv Ihaldings, published, by the NaUonal 
Bureau of Standards in February 1974 iri*l-esponse to^a 
request from the'NatiQfial Corifererice of Stafes on Build- 
ing Codes and Standards (NCSBCS), an organisation ^f 
building regulatory officials fronrState aij^ocal govern- 
ments. 

Current ASHRAE energy conservation activities involve 
the development of a proposed ASHRAE St*andafd 100, . 
series for retrdfitting-existing buildings for energy con- 
servation and continuing update of ASHRAE Standard • 
90;75c During PT76, a Cen ter tor. Building Technology * ' 
staffer will senye on the technical panels, drafting the 100 
series and updating 90-75. ' © 



BUILDING ENERGY CO.NSERVATION 
STANDARDS . * 



Jtm Heldenbrand 

Office of Energy Conservation - 301^92^1-^892^ 

Sponsor'' Department of Housing and Urban . 
Development 



Approximately t)ne third of the energy consumed in the^ 
U.S. is used b^ the building sector. It has been estimated 
V that 40 to 50 percent of energy used in. new buildings 
co^ld be^saved by energy ^conserving designs. Building 
perforina'^cc^Jiandards (e.g., 'energy budgets) represent a« 
. logical extention of the performance concept now . 
developed at ihd level of a component performance 
standard, such as it} the American Society of Heating, ^ 
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Refrigerat^ing and.Air«Conditioning Engineers (ASHRAE) 
Standard 90-751 Bjuilding performance standards — stand- 
ards that liniit' tfie annual energy usage of buildings — focus 
on energy conservation as a performance conceptrprovide 
energy design objectives, and demand an approach to 
design without 'direct constraints on design options. 

Thej^yrpose of this Department of Hoiking and Urban 
Development (HUD) sponsored project is to develop 
objectives, a techfiical approach and a detailed program 
plan for formulating and implementing energy conserves 
tipn performance standards* for new buildings. The motiva* 
tion for the standards i^npiementation program is to assure 
effective application of the standards for energy conserva- 
tion. To th^ extent that standards are performance- 
oriented, they increase the complexity of evaluations for 
design approval by building regulatoFy agencies, in com* 
parisoh with prescriptive standards that specif); the 
materials and methods to be used. 

The technical progranx for standards development and 
standards implementation will be managed by the Center 
for Building Technology for the Secretary of HUD, in 
* response to policy direction from the Energy Resources 
Council Task Force on Thermal Standards. In the pre* 
liminary plan the management framework of coordinating 
various other agency roles, the Federal Energy Adminis- 
tration has policy overview; HUD, implementation;- the* 
Energy ^lesearch and Development Administration 
(ERDAVNBS, research, development an(fdemon5tratiori; 
and the General Services Administration, implementation. 
Initial ERDA/NBS research projects related to the 
standards program are described elsewhere in this 
document. * 

V. ^ 

• -f, ^ * - '> 

This project involves the devel6pment of model informa- 
tional documentation and procedures to facilitate the-" 
adoption. and implementation of building energy conser- 
vation stVndardsfof the component performance type. 
State-of-the-art studies of existing f^latory prografns and 
systems dealing with buildihg energy conservatfon will be 
-conducted and documented to^provide a basis for^ co- 
• ordinated^nati.onal system to be available when standards 
are promulgated. The approach will be patterned after the 
existing Nationtil Bai^au of Standards Coordinated Evalua- 
tion Systems project for manufactured buildings. 




\ 




ECOiNOMICS IN BUILDIiNG 
STANDARDS » 

• 

Stephen Petersin . n 
Technical Evahiaiion and Applicati&n 
Division '301-921-3701 

Sponsor ' Energy Research and Dei elopmerU- 
Administration 



Economic analysis to support the National Bureau of 
Standards building energ)' conservation standards pro- 
gram is being conducted during-FY76. This project is 
primarily empirical in nature, applying economic method- 
ologies developed in support of the standards program. . " 
The extent to which appropriate energ)' conservation tech* 
niques might be economically juMified for buildings of dif* 
ferent types, in different climates, and using different 
energ)* forms will be objectively deterroined, using life- 
cyAe cost and energ)' savings data. Rec<ji?imepdations for 
performance standards will be made based on this analysis* 

^ Economic optimizatiorf models based on marginal 
analysis are being applied to the energ)' conser\'ation 
design of residential, coramerciaK and public buildings. 
Gost data relevant to energ)' conservation in new buildings- 
are being collected by a^ontractor for use m running the 
jrpodel. A computer program will be used in estimatirig 
annuak&avings for various combinations of energy con- 
*rvation features in bi^ildings of.differerit types and in 
different climates. Economically optimal combinations of 
energ)* conservation techniques^ sensitive to climates, 
economic factors, and user requirements will be estimated. 
Comraercially;available computer prc^rams will be used 
nhere necessarv to supplement the National Bureau of 
Standards Load Determination computer pr<^Tam. 



ENERGY BIDGET APPRO ACHJOR 
BL ILDLNG SJ^NDARDS 

-William Carroll 

Building* Eniironment Dnisioa - ?^//-Q2^^>^i3 

Sponsor - Energy Research and Dei elopment 
Admimslraaon 



The technical aspects of an energy budget concept as <he 
basis of ertergy performance standards irt buildings will be 
explored and developed- In addition to the concept defini- 
<^tion. methods t)f application, including building and flimate 
classification schem^ and simple and reliable calculation 
methods, will b^^developed by a multidisciplinarv approach 
using related economic; a^hitecturaJ and human factors 
exj>erts. This methodok^* will subsequently b^ employed 
'in a separate project to prod.ice energ)' budgets for all 
classif*«^buildmg types^ functions, and^ climatic conditipns. 
Energy budgets wilTprovide a reliable, effective .evaluation 
tool to aid in the dev<slopment of building energy perform- 
ance standariH^ which will stimulate energy conservation 
practice in building design; while allowing^he freedom for 
innovation. 



ENERGY RESEARCH -AND DEVELOP- 
MENT ADMINISTRATION TECHNICAL 
.A?iD PROFESSIONAL SER\ ICES • 

Jinx^ Heldenbrand 

Office of Energy ConservaHon 301-921^3892 ' 

' r ' ' \ ^ 

Sponsor ^ Energy Research Kind Development 
Administration * ^ 



' Technical and,-prolfessional services will be provided by 
the National Bureau of Standards (NBS) staff to support ^ 
the Energy Research and I?eTef^lhent ^Administration 
(ERD.A) in its overall research and demonstration responsi- 
bility for the Energy Performance Standards Program. 
This support to ERDA supplements the NBS re^ponsdbihty 
f6r overall technical program management in responsSe^^to 
polic) direi^tiQn from ERDA, the ^ge daral Energy Admin- 
istration and the Dg^rtment of Housing, ^nd Urban 
Development N . 
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SOLAR ENERGY PROGRAM FOR 
HOUSING SYSTEMS 

^oheri Dikfters 

Ofjlcerof Housing and Building 
Technology- • 30I'92h32B5 

" \ 

Sponsor ' Department of Housing and I rban 
Development 



In view of the curren^ energy crisis and the increasing 
rise in the cost o'f fossil fuels, the Department of Housing 
and Urban Development (HUD) initiated a cooperative 
program with the National Bureau of Standards (NBS) to 
determine the feasibility, use, and performance character- ♦ 
islics ©f solar energ)' systems and dwellings using such 
systems. 

To develop interim performance criteria, an interdis- 
ciplinary team of the Center for Building Technolog)' .staffs 
members was otganized. This team' prepared crfteria "drafts 
. that wer^ reviewed by a 10-member. consultant evaluation 
panel consisting of experts from the so^^r «^lergy. field. In 
addition, drafts were reviewed by Federal agencies 
responsible for the residential demonstratidjp program, 
HUD ^nd the National Aeronautics an.d Space Adminis- 
tration.vGeneral4)ublic and industry comments were also 
solicited and obtained through-a'n open conference held 
at NBS in November 1974. 
THe Interim Performance Criteiiajor Solar Heating and 
' Heating/ Cooling Systems and Dwellings was 

^„ schedule ^d transnpttedjo HUD» Minor 

modificat^^were made to ^his document and it was 
published for general distribution in February 1975. 
NBS is developing. a plan for J^UD which will describe 
* the technical performance data lo be collected during the 
. solar residential demonstration program. NBS will also 
prepare Intermediate Minimum Property- Standards for Solar 
Heating and Domestic Hot [Ai/er Systems. These ^and- ♦ 
ards wili1>e a supplement to nUD,'s Minimum Property 
Standards for single family anU mujtifamily housing. 




SOLAR ENERGY DEMONSTRATION 
PR0GR.\5I 

Robert Dikkers ^ 

Office of Housing and Building 

Tedmology' - 301 921 -3285 

Sponsor • Department of. Hjx^iuig and I rban 

Development ' 
^ Energy Research and » 

^ Development Administration ^ 



An interdisciplinary team of the Center for Building^ 
TechnolcJgy* staff members is organized to develop the 
interim performance 'criteria for the solar energy com- 
merical demonstration prog/am. Public and industry 
comments on these criteria will be Solicited before final 
publication. The team will monitor the design, construc- 
tion, and operation of commercial solar energy systems and 
feed back the information thus obtained in the develop- 
ment of the final* perfprmance criteria. The tes ring and 
evaluation of systems and subsystems developed under the 
research and development phases of the heating and 
cooling program will be monitored and reviewed, as well 
as those recommended for demonstration, testing, ^nd 
further development under the commercial demonstration 
program.* In addition, consultant an3 advisory service will 
be provided to tK^ Energy Research and Developphint 
.\dministratfon for tlie review of various grants and pro-^ ^ 
pos^ pr8gi;^s of study. 



TESTING OF RETROFITTED SOLAR 
HEATING, VEN^TILATING, AND AIR- 
CONDITIONING SYSTEM 

James Hill 

Building Environment Ditiision • 301 -921-3512 

sponsor ' Energy- Research and Development 
Administration i 



A soiar heating and cooling system has been designed " 
and installed iii a four-bedrodm house on the National 
bureau jof Standards. grounds. This project nnvolves the 
operation, data acquisition, Ind •evaluation of the solar 
system for 18 months; Measured data will be compared 

V with predicted data for sevei^al operational modes to deter- 
mine the adequacy o( the analytical models 1o predict 

' fossil fuel savings. The solar system consists. of flat-plate 
collectors with water/ethylene glycol as the transfer fluid, 
water storage, and an absorption air conditioner in the' 
existing forced'air sj^em of the house. .Jhe approach is 
to evahiate th^ system during typical summer and winter 
operation and compare it with the performance predicted 
with available analytical models. Emphasis will be placed 
on evaluating tbe.performance oPfhe system^fn a variety 
of modes of operation. ' 



S0L.4R ENERGY STANDARDS 

James Hill ^ 
Building Environment Division - 301*921-3512 

Sponsor * yationcd Bureau of Stfindards 
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The NationaUBureau of Standards (NBS) staff are 
participating in committees to develop standards for solar 
energy collectors, storage devices, and systems. Thcv' 
development of these standards is in response to a national 
need to conserve fossil fuels and t^ use renewable fuef 
sources such as solar energy. NBS is in a unique position 
of having^ th'e laboratory facilitfes and technical expertise • 
to make a signifipant contribution. During FY76, the 
Center will complete draft standards on solar energy col- ' 
lectors; storage devices, and systems. The Center will also 
participate with the Ameriban Society for Testing and 
Materials, the American Society of Heating, Refrigerating 
•and Air-Conditioning Engineers, and the American 
National Standards Institute, Ina committers to assist in 
the preparation^pf national conservation standards. 



Techniques for ecq5U3mic 

EVALUATION O'f BUILDINGS 

Harold Marshcdl , 
Technical Evaluation and^ Application 
' Division ' 30h92U370l * * 

^ Sponsor • National Bureau of Standards 
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The objifectiye of tbtSi pi^oject is'to develd^nd refine'the 
theories and methods oT ienefit-cost analy^s,:riskrJbeneuc 
analysis, and life-cycle costing for applicajmji to building 
evaluations. * - ' -^wii 

The approach is^ as Fpllows: (1) to conduct aliterature 
search on available eyakiating methods and statistical data, 
both in the U.S. and abroad; (2) to examine non«building 
applications of evaluatiorivtechniques to determine their 
applicability to building prpblen^s; (3) to examine alterna- 
tive rftethods for evaluatingvlosses of life and personal ^ 
injuries; (4) to examine techniques for evaluating alterna- 
tive building designs for pre^^nting losses from fire and 
other disasters, and for reducing the consumption of 
energy; (5) to examine cost-s!5aring rules as they impact 
oYi construction design ^and scale; (6) to increase the 
Center for Building Technojogy'lawareness of the applica- 
bility of economics to building pVoblems and include 
economics in injerdiseiplinary research through seminars^ 
and workshops. \ 

Last year, benefit\cost, risk-benefit, and life-cycle c;ost 
methods were refiiftd for evaluating alternative building 
technologies. The staff participated in seminars, training, 
and research relating to applications^, of these methods. 
Specific*accomplishments included a;Federal workshop on 
'building economics, publication of foiur papers in the pro- 
ceedings of the Purdue University Conference op Heatings 
Ventilating^ and Air-Conditioning Equipment and QompOnents 
for Buildings, preparation of threfe articles for submission 
to professional journals, completion of Va chapter in Salinity 
in Water Resources, and completion of i report. Solar 
Heating and Cooling of Buddings: Methhds of Economic * 
Evaluation. \ 



ECO^OMIC ANALYSIS OF BUILDING 
CODES ^ * 

John %cConnaughe)' 

Technical valuation and 4pplication 

Division '30l-92l^370l 



Sponsor - National Bureau of Standards 
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In recent years construction costs hav^ risen faster than 
the general cost of living, and many persctns contend that 
iiie construction industry Ts teehnologi^Slfy^backward and 
inefficient. Some observers believe that* restrictive build- 
mg codes promote inefficiency and substarftially increase 
' cost^^ while other experts believe the ipipacEof building 
codes exists in part due to the lack of appropriate informa- 
tion. This study will devqiop an economic fxameworT? to 
help identify the impact of building codes o6 construction 
costs, and upon the distrlbution of income bfct>yeen buyers, 
buildeirs, building rfiaterial producers, and coiistruction 
workers. ' \ 

To inct^ease Information, an^Economic'impdft State- 
ment will bc'developcd that will provide a standardized 
method of analyzing the economic impact of a\spe<jific 
building code change. Building officials $eek ih improve 
gubjie health, safety, and welfare through building codes. 



T^ie ecoijromiG impact statement will be designed to be 
especially useful to building officials in choosing between 
^ two code alternatives, or. between the choice of enacting or 
not enacting a code'change. The study will concli^de with 
a case study of one particdlar code change to illustrate the 
use,of the econcrtniajmpact statement. 



ECONOMIC ANALYSIS OF LEAD-PAINT 
ABATEMENT TECHNIQUES 

.Robert Chapman ^ ^ * 

Technical Evaluation and Application 
Division - 30h921'S70l 

Sponsor ' Qepartment of Hoi^sing and Urban 
Development 



Lead paint abatement techniques differ not only in their 
efficiency at removing the hazard from the environment, 
but also in their installation and maintenance costs! Thus, 
the choice of the optional abatement techniqife is neither 
readily apparent nor easily determined. This study will 
assist the urban planner to roak^e the choice atnong abate- 
ment techniques for a give^^i|fconstrainfsr (e.g., surface; 
type, substrate condition, oCS^pahcy status) by providing 
(I) an analysis ^of the deterfninants and structure of costs 
at tho abatement technique level and (2) an analysis of ^ 
performance characteristics of the*alternative techniques. 



ECONOMICS OF ENERGY 
CONSERVATION 

Stephen Petersen 

Technical Evaluation and Application 
Division •-30l'921-3701' 

Sponsor ' National Bureau of Standards 
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ECONOMIC EVALUATION OF ROOF 

AND IVALL SECTIONS 

^ — : — -« 

Philip Chen ^ 

Technical Evaluation and Application 
Division ' 301-921,3701 

'Spojispr^if'JFn-Service* Committee 



' T\velYe .percent of the national ohergy supply is con- 
sumed in residential space heating and cooling operations. 
Yet much of this energy is wasted due to inadequate 
- thermal insulation. If homeowners can determine how 
energy conservation retfofitting techniques will benefit . 
them in economic terms, theymay respond faster and 
more accurately to national energy conservation require- 
ments. 

Last year, most of the^ information and methodologies 
for the homeowners report were generatecl in preparing a 
• technical study on^ptlmal combinations of energy conser- 
vation retrofitting techniques/or residential application. - 
The abroach this year was to assemble this -information |o 
be easily interpreted by the layman, interested in reducing 
tlie energy requirement of his home~The booklet entitled 
Making the Most of Your Energy Doljars in Home Heating 
ani Cooling includes allowances for climatic conditions; 
current fuel prices, the rate at which fuePprices are rising, 
and the cost of specific retrofitting techniques. 
L 

For military construction of administrative housing, 
recreatiop and hospital fifcilitifes, the Center is compiling * 
technical, construction,* and energy cost information for a 
25-year life cycle on wall and roof sections generally used 
or potentially suitable in the Washington, D.C.Irea. This 
information, intended fqr use by thejbuilding designerv will 
higTilight energy conservation an^ labor-saving materials. 



ECONOMIC MICROSTUDIES OF NEW 
BUILDING PRACTICES - 

Harold Marshall ' " 

Techhical Evaluation and Application 
Division ■>3dr-92l-370l . ^ - 

Sponsor -National Bureau of Standards 

ECON^JTiICS of SITING BUILDINGS 

Joseph Kowalski 
^ Technicar Evaluation ami Application 
Division '301-92^3701 
t 

Sponsor - iVationul Bureau of Standards 



This pr6|(ect. "developed a benefit-cost methodology for 
measuring the n^t^ocial impacts of ilnprovementsJn tech- 
nology that are introduced through the'building regulatory 
System and through ihe building industry on a voluntary 
basis. Impacts studied are social benefits and costs that 
result from the introduction qfn-educed-sized venting in 
plumbing and improved standards and practices in roofing. 



of lorStit 



The eConomips of lor^ion and , the detejjminants of site 
^ advantage, previousl;^ developed as part of Uii^.project, will 
be extended. The Center will devise quantitative measure^ 
of the characteristics of location that -describe the relative 
site advantages of residentid localion^.^ T^se variables 
will then be used in an economeffjc niodel tolestimate 
their celati^e importance on the structure and level of the 
submarket demand for housing*. The data used to estimate 
this modef will be based on.special cfoss tabulation? from 
the 1970 Lensus of Metropolitan Housing. Two reports. The 
Economics of Siting Buildings and The Impact of Residential 
Site Selection on Housing Demand will^resuFt from this' 
• research. 



FENESTRATION: ECONOMICS 
- • • 

Rosalie Ruegg • > 

Technical Evaluation and Application 

Division^ .30 1 '92 1 -370 1 

Sponsor - National Bureau of Standards 



The capital and maintenance costs of alternative window 
characteristics, as well 'a's psychologi^l benefits and costs, 
are important to the overall efficiency of window selection. 
An economic analysis of windows will provide a. more 
complete apprpacti to the optimal selection of win(fows. 

Economists^from the Center will develop a.Jife-cycle 
cost model for analyzing alternative window characteristics, 
in a giv^n application, in terms of the conjbiued.net effect 
of thermal, construction, and maintenance-cost|: U§ing 
thermal dala developed by the Center's The'rrfiar Engineer- 
Jug Systems Section, and costs of ^ternative]w1ndowj char- 
acteristics described by the Center s- A rchitecfAralJfese^'rch 
Section, the life-cycle cost model will be exei^gej^Kr 
selected window applications. Any pr^Jimjnal-y^^^^ures of 
psychological benefits and coasts identified by^ljS^Senter's 
Sensory Environment Section fromf the lexistif^%terature 
, will'Be related to the life-cycle cost measures^- * 



EFFECTS OF ^'RESOURCE IMPACT 
FACTORS'' ' ' 

Stephen F, Weber . ' 
Techhical Evaluatvdn and A pplication 
Division ' 301^92 1 '370 1 

Sponsor ' Federal Energy- Administration 
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This^roject will assess the efficiency ailfcL^nergy con-"^ 
•servation imj)acts of ahernative "Resource'njipact 'Factors" 
(RfFs). Criteria for specifying RIFs that will provide the 
pjice of cost information necessary foj generating efficient 
energy c6nservation standards for buildings ate also being ^ 
developed.- These J^IF's We necessary for the development 
and -application of an economically efficient eiiergy con- 
servation performance standard. for buildings. 
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HOUSING NEEDS IN PEVELOPING 
COUNTRIES 

Joseph Kowaiski \ 

Technical Evaluation and Applicattt^n 
Division '301-921-3701 



'Sponsor ' Agertcy for International Development 



The study will compare the performance re^quiremen^s' 
of-energy conse rvation standards generated' wHth and with- 
out RIFs, and will examine the impacLQjijjthe'proposed 
performance standard that jmight^ resuU from various.RjF 
values. Consideration will also be given to the extent to 
which RIF's should be specified nationallyor regionally. 

A report has-been completed^ Evaluntioj/f of Energy 
Resmiees in the Development of Performance Standdrds for 
Energy Conservation in Builc^ings, which addresses economic 
formulation of energy performance standards,^ ThisTeport 
lays the groundwork for introducing-RIF's into the process 
of standards development by demonstrating the need for ^ 
making the staTidard depeniH oh the relative and absolute^ 
social values of energyicresources. - • 



iliis project published the report The Economics of 
* Building Needs: A Mechod^iidgical Guide, prepared for 
meetings on "Development of Design Criteria and Method-, 
ology for Low-Risey|Low-Gost Buildings tq Better Resist 
Extreme Winds" in Manila, the Philippines and Kingston, 
Jamaica. The worki established a metho8 bytvHich housing 
needs can be forecaped. It- thu& established the relative •* 
economic importance of improved design criteria and co;i- 
struction methods. . ' 
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NOlSE IN AND AROIWD BUILDINGS 

Simone Yaniv 

TechrMal Evaluation and Application 
Division '301 '92 1 '2 177^ 

Sponsor - National Bureau of Standards 



CRITERIA f'^OR BUILDING NOISE 

,$imone Yaniv 

'Technical Evaluation and Application 
^.Division '301 -921 '2 177 - 

' sponsor ' Environmental Protection Agency 



Light weight rnaterialsv prefahricated systems, and * 
emphasis on ogen-space planning has reauhed in increased 

' exposure of building ojccupSnts to incfoor and outdoor^ > 
noise. The higher noise levels have led to an increased 
awareness ainqng governmental agencies, builders, archi- 
tects, and the? [Hf^lic of the need for a quieter eruiiron-^, 
meni.*The P^ational Burea^ of^Standards initiated ^ fe- . 
search program Sesignprt^ assess and improve the desij>n 
tools now available to architects and builders concerned 
with the acoustical eaviro^nment of buildings,^ * 
. The emphasises pp identifying the main factors asso- 
ciated with human^response to noise in buildings 6i|d • 
evaluating how well current methods account for those 
paran^eters. , ^ ^ ' 

• Such studies consist of obtaining a "library*' of 
household noises as they actually occur in dwellings 
through the use oCtape recordings. They will be analyzed 
and assessed by human observers. The results of these 
studies will* provide the data base on human response to 

• the acoustical climate of huil^gs for the purpose of 
improving criteria for use in standards, codes, and regula- 
tions. 

^ . . ■■ ' 

♦ 

The Center for Building Technology is working with the 
Environmental Protection Agency on a program to develop 
improved acoustical criteria for buildings.^ This program 
'coiisists of a review and evaluation of available data on 
indoor noiseTevels in dwellings. An examination will be 
mac[e of human response data-i.eniployed to validate 
acoustical rating schemes commonly used^by building 
designers, to determine their a{tplicability to building 
codes. 

Aii(4>ther phase is concerned with the development of arf 
experimental plan. The plan consists of a social survey 
and noise measurement tecliniques to assess the statistical < 
distribution of indoor noise, its relationship to outdoor 
noise, and the reaction, of building dwellers to "their 
acoustical climates, • 



FENESTRATION: DESIGN 

Belinda\Collins * f. 

Technical Evaluation and Application ^ 
Division\30l'921'2h77 

Sponsor ANational Bureau of Standards 



The impact of the window upon the overall energy co/i- 
•sutViption of a building is not/ully understood. Inputs 
from four separate disciplines, thermal engineering, 
economics, architecture, and psychology, will be used to ' 
investigate the performance of the window. This research 
project ifl being developed to discover^ways of conserving 
energy through- cost-efficient window design, while .meeting 
both architectural requirements and user needs. ' ^ 
* Although the simplest solution for reducing energy ■ 
consumption might be the total elimination of the wi;idow, 
this may jiot always be desirable from the standpoint of the 
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- ' user» the designer^ or the engineer. As a result, llie, . 
benefits ind drawbacks of windows rlTlist be specified 
mqiiy teriijs before design criteria can be developed. 

Progress to date has included modification of the 
National Bureau of Standards Load Determination Com* 
^puter Program to be suitable for the exterior envelope 
analysis', development of average-day solar radiation for 
^fc^^x'-'Trenergy analysis, and experimental (^valuation of window- , 
glass coating; a wmdow design«st;idy report; development 
of a life-c]^cle cost model; data collectio'fi^on Venetian .blind 
usage; and publicationgf a litertture evaluation of psycho- 
logical reaction to environments with and without 
windo^ys. 



ILLUMINATION CRITERIA FOR 
BUILDINGS' . 

Gary Yonemura 

Technical Evaluation and Application 
Division '30h92l'2l77 

Sponsor Energy Rei^earch and Development 
Administration 



This project ib developing a new basis for recommending 
levels of illumination that are more conducive to energy - ' 
conservation. The present recommendations state lhat 
increasing illumination levels increase visibility; whereas 
the new function recommends an optimum luminanfce 
level. Levels higher than the optimum can lead to de- 
creased visiLiht^^ along witlT consuming higher an\ounts ^, 
of energy. 



^VISUAL ENVIRONMENT 

Gary Yonemura 

Technical Evaluation and Applicatibn 
Division '30h92!'2l77 

Sponsor ' National Bureau of Standards 



. How much light do^we need to perform specific tasks? 
The^ visual performance data currently used to recommend 
levels of illumination are based on the simplest type of 
visual requirement^ threshold detection (I barely see that 
^pot of light). Researchers, designers, Ind engineers who 
don't subscribe ta the present recommended practices, . 
argue thaj the experimental conditions under which-4he * 
current recommendations are based arS not simulations of 
^real*world conditions. The Center has undertaken studies 
^o obtain a irto^e^valid determination'^^bf illumination 
requirements; that is, visual performance evaluated ujider 
stimulus conditions more nearly resembling situations tn- 
count^Fed in everyday life, suprathreshold levels (I^see the 
target under hoth conditions, but it is more distinct under 
illumination condition A than B). Studies conducted with 
gratings and letters under suprathreshold conditions 
i.ndicate a significant difference between the functions. 
The threshold function states that ev^r-increasing light" 
levels result in ever-increasing^visibility. The suprathres|K 
old function states tfiere is a luminance level tliat is best 
for performance and that increasing or decreasing 
luminance beyond this'optimum results in a poorer image. 

Another part of this project studies veiling reflectance. 
Light sources are installed ili luminaires that redij>ect the * 
light from, the lamp to the desired location. Thc^i^jgn 



and placement of these li^minaires affect energj^cplj^^^mp 
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COLOR APPEARANCE ^ 

-\ 

Gerald f I owett 

Technical Evaluation and Application 
Division ' 30l-92h2m " / 

Sponsot^' National Bureau of Standards 



tjon by the^ffectiveness of the light rays for visual task 
'performance. An efficient luminaire wil^ reflect more of 
the lamp light, but more importantly- wilf direct t^e larttp 
output to the desired location with the correct geometry, 
• resulting in a minimum of veiling reflection, w • 



J 



This project uses visual theory, mathematical modeling, 
and psychophysical experimentation in a%)ntinuing 
development of color science, with the aim of applying 
color to'safety, communication, visual comfort, and 
esthetic satisfaction. Current su^rface-color emphasis is on 
development and popularization of a single .master 'set of 
;;olors for all safety-coding appHcations. Current illumina- 
tion-color emphasis is on evaluating formulas that have 
b^en proposed for predicting the luminances of colored 
ligbis seen as' equally bright.. The ultimate goal is a revised 
'photometry and possij>le' application to energy sayjng in 
lighting. 

Color coding is a common method for rapidly com- 
municating safety information. Many^overnfnent agencies 
and trade associations have developed over the years their 
own sets of colors for use in identifying different 
categories d^raffic signs or warning labels. Most of these 
color?-c6des contain.,ior ^example, a re^, but the exact 
"shade" of red prescribed is not^he^same in all the codes. 
This projeet.aims at encour^aging dl these groups tq'chgpse- 
their colors from a single, limited set of precisely definefl 
colors with explicit meanings. < ' 

Similarly, it has long been known thaT'the standard. * . 
procedure (used in photometers) for calculating the total 

, lummous output of a light leads to (trrors that are some- 
times quite serious. Development of a more accurate 
formula, and instrum6nts based on* it, will not only 
advance photometric science, but will permit realistic 
comparison^ by lighlifng-engineers,x>f the outputs of dif- 

• Terent types oLlight sources.' This research Could also 
permit energy savings by encouraging .the*eplacement of 
lights now Over-rated in visual effectiveness by fewer lights 
of greatei^ true^fifectivertess. 



, BEHAVIORIAL RESEARCH DESIGN 
APPLICATIONS % 

""-"^ Arthur Rubin 

Technical Evaluation and ^Application 
• Viviswn '3Ql'92l'2l77 

• Sponsor - NMional Bureau of Standards 
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This acitivity ^ill promote the use of behavioral 
methods and data in the design process. An early study 
(user requirements in^the home, a data-collection method* 
ology) was a review of primarily, survey research applicable 
#''user" studies in buiJdings. This investigation also 
touched upon other Research approaches .that might be 
approp'riat«e for occupant stu"dies*of buildings, and indicated 
thai a wealth of information, compiled in many diaciplinary 
areas, is available fqf researchers concerned with defmiilg 
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VISUAL TECHNIQUES IN NON- 
. DESTRUCTIVE.TEST1NG 

Gary Yonemura % 
Technical Evaluation and Application 
Dii^ion^ 301,921-2177 

Sp^or - Natiisnal Bureau ofStandards * 



user requirements in buildings. . *^ * 

The most recent s^tudy, now nearing completion, is 
desired to be an in*depth. examination of fmethodologi^s 
from a variety of disciplines that might be employed in 
user studies; and aa.evaluation of them from the stand- 
•point of an experimental ^sychologist> The study is 
directed particularly to designers and architectural students 
in the hope^of providing an insight into the relationship of < 
behavioral research methodology and design, thereby 
improving communications between these two disciplines. 



-i* Th^*human, observer is currently the weakest link in 
nondestructive testing (NDT) systems thai in<^lude a 
"visual" component. Field'observations and interviews 
with NDT experts will be conducted to detail the informa- 
tion needs by NDT and describe the working environment 
as it impacts on NDT visual tasks. This information will 
be u§ed to recommend cliange in current NDT practices. 

Field trips are being made to installations now con- 
ducting NDT in radiography, magnetic pafticles* and 
penetrant techni^es. Thj visual parameters involved are 
being 4dentif)ed in detail and procedures, standards, and 
optimum physfcal conditions under which tests can be per- 
formed will be recommended. They will be presented as ' 
Considerations and Standards- for. Visual Inspection Tech- 
nique^ at the .National Bureau of Standards, the'^America 
Society for Testing and Materials^ the .American.^o^iety for 
Nondestr^crive Testing Symposium on Nondestructive 
Testing Standards. ^ 
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ARCHltECrURAL RESEARCH " 
Stephen MarguUs 

Technical Evaluation and Application • 
Division - 301 -921 -3595 

Sponson - .National Bureau o f Standards; 

Department of H ousmg "and L rban 
Development 



National priorities have been set for saf^ buildings, for 
buildings that pollute less, and for buildings that conserve? ' 
energy. But safety, pollution* control, and energy conserva- 
tion increase costs. These increases have, in turn, caused 
tuildi'ng costs to escalate. One answer tp this is improved^ 
construction productivity. Whether factory-built * 
residences coufd satisfy the*Nation's need for housing was 
addressed in the Departmetit of Housing and Urban De> 
/velopment's Operation Breakthrough, a large experiment ta 
stimulate industrialization and innovation in housing. The 
Center is surveying and repoVting the opinions; Attitudes, 
and behavioral reports of those direc^y affected by thb ^ 
housing — its occupants. Their.expemnces with regard' to 
safety, security,, cOmfort, corvvenience, and other matters 
wiU be compared v>iih those of occupants of conventjonal 
housing. This informatiorn. including conclusions and 
recommendations for the design an.d management of future 
housing. w^U be directed to the housiifg mcjustry and the 
^ert<-ral public. In addition, a. report consumer informa- 
tion v^ill be published. 

Benefit-cost' analysis assesses the goodness '^f design, for 
conventional as well as industrialized housing and for other 
building types as well. This research prpj^t is invest i% 
gating the "benefit" aspects of benefit-cost analyses for 
buildii^s^ 

Building researchers and practiang professionals need • 
to improve their communication stcills, especially wnting: 
likewise, new computer techniques are needed to increase 
productivity in building design and construction. Reports , 
on both of these topics will be pubtbhed. Fundamental to 
the application of research finding is the building per- 
formance approach, which has been adopted and furthered 
at the National Bureau of Standards. A report to establish 
a Performance Theory for Architectural Desi^ will be 
, prepared. 



.ARCHITECTURAL PSYCHOLOGY 
John Archea 

Technical Evaiuation and Application 
Divi^ ' 301-921^95 

Sponsor - .\'ational Bureau of Standards 



\rchitectural psychology examines how people^wse the 
buildings designed and constructed for them, as a Way "of 
improvingvthe*design of future buildings. For example, in 
F^'74 and FY75, privacy studies were b^un to establish 
psycho Ic^cal knowledge in a si^bject area of great interest 
to the public, but one which previously hald not been 
systematically resea^rched. Behavioral studies in privac}' 
are continuing, and will be augmented by studies in stair | 
safety and building use by the elderly. Stair safety studied 
will complete research commenced in Fi'74 and continued 
in FY*75 to set safety performance criteria ajJEned reduc** 
ing the number (350.000) of stair accidents each year. A 
monograph on .human perception as related to building 
safety will be published. Studies will develop a research 



EENESTRATldN: ARCHITECTURAL 

RoberuHastings ' , ^ 
Technical Evcluddon and Application 
Division -301-9213595 

Sponsor - ScUional Bureau 'of Standards 



meiliod and findings on the use of nursing homes by old 
persons. ^ h'leraiure search on law enforcement facilities 
will be publishal, as will a report on the psychological 
aspects of architectural design.,. All architectural psychbl- 
ogy researcli will result ultimately in research reports, 
performance criteria, standards, design guides, or user 
guidelines to improve the built environment for the benefit 
of the people who use and'enjoy it. ' . ^ 



. Until recently, the energy consumption implicatiorh^of 
architectural design decisions were of much concern. 
The m^hanical and illumination systems could always Be 
designed to compensate accordingly. Over-design and large 
safety factors made calculating design subtleties a super- 
. , n,uous*ende^vor. *The rapid escalation of energy costs Ka^****'^ 
changed thb situation. It is now important that Archi- 
tectural d^ign strat^'es>tbat will conserve energy be ' 
identified and that lighting, cooling, heating, and ventila- 
tion load calculations be sensitive to such design subtleties. 
Winfdo^s are a critical consideration because they may be 
responsible for up to 40 percerlt of a biiiiding*s heating and 
cooling loads, or they may actually result in a net reduc* 
tion of these loads.- This project will identify energy con- 
.serving design strat^es for windows and evaluat« the 
sensitivity of modeling methodologies and^strat^'es. 
.A.mon§ other considerations, this project will assist in the 
synthesis of architectural design strategies with the 

* thermal, psychological, and economic constraints. .An^^ 
' interdiscipVinary methodology publication* will tlien be 

• published.*-^ • / 



^ARCHITECT-LN-RESiDE>CE 

Porter DriscoU ^ ' ' * ' 

Techniaii EvahuUion/and Application 
' Division - 30h92l-3704 

Spdnsor - Sational Bureau of Standards 



To strengthen the link between the design professions 
ani the building research community, a new post has been 
developeJat the Nation^ Bureau of Standards (NBS). ^ 
The .American Institute of Architects {AIA)/NBS Archi-\ 
tect*in-Reside«ce Edw'ard C Fordyoe, Assistant Director of 
Planning^ Science Museum of Virginia was recently 
selected •by the two or^anu^tions and will remain in 
residence at the Gait^ersburg campus for sl period of ' 
approximately one year/ M^Fordyce's efforts* will be 
focused on the transfer of^lar energy informa'^Hfefrom 
researchers to architects. He will, in this capacity, be 
invdlved^in, the development of audio*visuabpackages for 
distribution to AIA chapters. Informal reports will be 
forthcoming at intervals during this fiscal year. 

La^yie^r, JohraHoIton of Perkins*& Will, Architects, 
Engineers and Pl^ners^hicago, 111., was selected as the 
fi*st ArcKirect'ln-Residence. He has been active as a re- 
search resource to* ongoing research projects within the 
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Center, has participated in t\vpJD(ff-Site programs, and has 
conducted individual research on natural lighting in 
buildings, working with- other iresearchers in the Center 
and other parts of NBS, Liaison activities included confer- 
ences With the Directors of the Center, the Institute for 
Applied Technology*, and NBS, as well as staff at A'rgonne 
National JLaboratori^ and other researdi organizations. 





.SLIf RESISTANCE OF FLOORLVG' 
Robert Brungraber • 

Structures, Materials and Division '•<. 
Sponsor " National Bureau of S/andards 



The National Commission bnjRi:6ddct Safety reported 




j^^r kiU: about \2fiOO 
A J Slippery fldors are 
f^L-ilowerer, 
^olTally accepted slipperi- 
■'prt^ject wa$ initiated to 



iti 1970 that falls in the horffe 
and injure 6,000,000 peo; 
listed as a lar^e coatribu^j 
there'are no wettestablish 
ness standards for flooring? 

provide information ne^deitto Cjl^Umence"Tl\e development 
of floor slipperiness'standards/^itjncludes a state«of«the« 
art study^ evaluations x>f three existing t^t.methods, and 
the preparation of*plans for additional studies. Among 
these, studies wa^the development of a dependable portable* 
tester to measur-e a fundamental property that denotes 
sjipperiness. This tester is being used to est/blish stan(f* 
"ams for flooring materials to control slipperiness. 

The st5ite«of«the«art was determined by searching the 
literature and^y visiting several testing laboratories' ' 
currently active in floor slipperiness studies. Preliminary, 
laboratory evaluation^of th^e three most promising test 
methods was completed, using tliree commonly used types 
of flooring material. Two of the three test methods (The 
Horizontal pull and the James) measure a fundamental 
property, coefficient of friction; however, both of them 
have serious limitations and need further development Jo 
make them reliable and portable. 

Thfe development of a Reliable test method for field use 
is needed., fThis was performed by making a portable tester 
based on principles similai- to thqse of a device now ' 
accepted by the American Society for Testing and Materials. 
A sensor suitable for simulating human skin ow wet or 
soapy bathroom and swimming pool surfaces will he 
selected. .Also simulated natural leat)rcr shoe sol^^s are 
being investigated. \ series of tests are being conducted to 
assess accuracy apd precision of the portable tester. # 



RESTRAINT EQLIPMEMT 
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Harold Steinberg > 
Product System^ 
301 '921 '32m 



Spgnsor • Occupational S^fety^'nnd Health 
Administration' 
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Each year falls injure or kill thousands of Americans. 
Some of these injuries a^e the result of fi^lls experienced 
bv workers whose jobs require that they perform their 
tasks many feet alx)ve the ground. The Occupational 
Safety and Health Administration (OSHA) recognizes the 
need for the development of valid performance standards 
for safety belts, harnesses, lanyards, lifelines' shock 
absorbers, grabbing devices, and other components of 
worker restraint systems. The American National 
'Standards Institute, the Standard Al0.14,^currcntly under 
development, is likely not to satisfy* OSHA*s needs for 
several reasons. The|:efore, OSHA is drafting its own per* 
formance standard for worker/estraint systems. Even 
though the primary focus in the standard under develop* 
rxtent is the construction industry, it will l<iy the ground* 
work for related standards concern ing^safety restraint for 
lineman, tree-pruners, window washers, etc. 
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The'study, which the Center is coordinating for l)ie 
Center for Consumer Product Technology "o^ the Institute 
for AppHed Technology, will invplve the applicatioa of 
systems analysis, product engineering, and human factors 
rnelhodologies. ' ^ ^ .* * 



GUARDRAILS IN BUILDING 
STRUCTURES 

. George^FattaJ 

Structures, Matefiah and Safety Divisioa • 
301 '921 '3475 - ^ - 

_ Sponsor ' Occupational Safety and Health 
Administration 
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The objectij^ of this study is to formulate structural 
design criteria for guardrails. The study , of guardrail 
systemsr'will consist of: (1) an analysis of available' infor- 
mation including codes, standards, worker anthropometrics 
and technical data; (2) a field survey of (fommon t.^pes of 
installations, (3) expe¥imental and analytical evaluation of 
guardrail loading afid response>and (4) preparation; of 
structural performance criteria and a supplementary design 
guide. These performance criteria.^^^ilf'i/i^the basfs for • 
compliance of guardrail systems with I'^pect to loqding, 
geometry and resistance function. 

To achieve the objectives of this project, the archi- 
tectural research section of the Center wil| compil^ statisti- 
cal information on the arT^h^opomet^lc features of workers, 
and will assist in'tjje survey of prototypical jnstallsCtions 
in the ffeld, including acquisition of* existing information 
00 guardrail failures. ^ 4 ? " 

• ^^Last year4)roject tasks were drafted on the baSisbf ♦ 
problem areas identified through w^kin^ sessions with. the 
Occupational Safety and Jiealth Administration. Afeo, a 
literature survey and preparations for-testing were*l{egi^n. 



OUTDOOR STRl CTURES SAFETY 

John Archea ^ , 

Technical Evaluation and Apphcalion Division ' 

301 '921 '3595 

Spofisor ' Consumer Product. Safety Commission 



Man) injuri^j^result from accidenffi involv^ng "ontd^opr 
structures," which include the following three prodiic^ 
categories: (I) retaining%alls, patios, Uerraces; (2) \ 
porches, balconies, open side floors, iinutfloor openiiigs;^^ 
(3) handrails, railings, and balconies. Tlhis research' b 
aimed at reduciiig the severity of these Ac^^idehts. \ . 

.The Center has developed a behavioral model for | ' 
acQijcl^nts with'^tairs and doors. This moilel will be ipl- " - 
tended to encompass outdoor structures. iThe Centei^pas ^ 
also ^jeveloped techniques for investigatini'accid/^nts j 
thr4>ugh analyses of accident data, surveyslof product | 
usage', observations of human behavior in Aonnection Jvith 
product usage, and analyses of videotapes (X sucli^usa|e. 
These approaches will bemused to identiYy wliere, wjierl, 
why, and to whom accidents occur with outUoor structures 
and to recomini?nd safety performance criteria as well \is 
user g(fiflelines. 



sabety in concrete building 
'^Construction 

Hai Sang l.eiJ ' 
- Structures., Materials tmd SafelY Divisum ■ 
301^921-3851 -y- 

Sponsor • National Bureau of Standards 
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This projecWis concej^iied with studies of two specific 
areas that affect safety in concrete construction. They are: 
(1) strength of falsework, which provides temporary sup- 
port to a concrete structure during construction, and (2) 
rate of constructioq. As part of the* first investigation, the 
study will determine the capacity of single-post shores. as * 
affected by field conditions] The secondaiivestigation wilL^. 
include the rate of strengthi and stiffness*gaih of concrete 
at early a^es, evaluation of jvarious methods of determining , 
in situ strength of concrete^ and development of a mathe- 
matical rriodel of construction process to. study parameters 
that affect the rate of construction cycle. • t 

Among the accidents aiX^ failures that occur during 
concrete construction, near;ly/60 percent are falsework . 
failures, which usually happen at the time concrete is 
being placed. Because falsework costs can account for as 
much as 60 percent of tlie Ltrucljjral cost of cast-tn-place 
concrete, early removal anc reuse of tife formwork and 



i»hor<\s carV decrease construelion costs. Hence, for 
economic reasons, contract6rs want to rempve forms and 
sliore as early as possible. ^ Sue h premature removals have 
caused serious failures or d 
structures. 
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DOOR AND WINDOW SECURITY 

Thomas Reichard 

Structures, Materials and Safety Division r 
'30 1 '92 1-^475 . I 

Sfpnsor ' National Bureai{ of Standafd^ 



I his project will propose criteria and test^metliods for 
residential and commercial, doors and windows t^tat will 
provide a kflown level of secu^^against common burglary 
attaches. Approximately DO percent of llie-'burglaries are 
mado through doors and windows;^^0 percent occur at 
resid 
and ^ 



nces and llhall businesses. The losses X6 the resident 
\jall businessrrlan jtlue to burglaries, whicli arnounle<d 
to S5(K) mijiion in 1 970 ,J are increasing every year. Justice 



Depar 



tment statistics shbw tliat the large majority of^ 



1)1(1 rglari<'s are pcrformct 
ernpfiasized that a relatiN 
losses could be made by 
doors and windorws. 

Typical doors, windov 
merited so that tfie actua 



by the unskilled. This analysis 
ely great decrease in burglary 
a relatively small improvement to 
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^fs, and burglary to.ols; were,.in.stru- 
ot forces imposed, and resisted, 
could be measured. From these measurements, testi? 
sirnukfting burglary attat ks were developed^ The tqsts were 
designed .so that the simulated attack wpuld not bejeasily 
related to the actual attaqjt method. Four levels of per- 
f5rmarice were identified! being related to the fe|els of 
skill and/or tools for door assemblies and three levels for 
window assemblies. ' \~ - ~- ^ 

Last year, draft performance standards for thes^ four 
Jevels of security wferc prepared for doof- assembli|js a^id 
door components. A companion set of draft slan(|ards for 
, window assemblies was prepared and forwarded td the' 
sporlso^> • j* 

h is expected that additional testing of hardware items, 
especially add-ons such as bolt latches, will be copipleled 
ibis year. Also a Selection and Application Guide for 
security hardjvare will be prepared. j 

'40 . . j 
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HEAT TRANSFER FOR THERMAL 
ENERGY STORAGE 

. Elmer ^Streed 
Building Environment Division • 301-921-3503 

Sponsor ' National Bureau of Standards 




Under this project, two major methods of tliermal 

mqasui^ment and performance testing will be pursued. ^» / 
Fir^<, will^e'a new and improved guarded-hot-plate 
^ app^tus foe use as an. absolute method of measurin^g the 
thertnal conductivity amJ tbermal conductapce of insula- 
tion and building materials. ThisVapparat|is is to replace 
the present apparatus (circa 19371 currently defined in 
the American Society for T^stmg^and Materials Standard ^' ^ 
C177. Current methods and equipment are used as tbe^^^*****^****^ 
national refecence for supplying calibrated specimens to 
^6ther laboratories in the U.S. "and in several Iweign 
count ries-and are used to measure materials for the 
National Bureau of Standards and other governmental 
■jS^endes. w The other task'in the prp'ject is to develop and* 
verify an automated teclinique to 'simplify the measure- 
ment of air uifiltration sulfur hexafluoride (SF^) dilution 
monitoring witli respect to time. A computer-controllers 
system is l)eing developed in cooperation with an inde* 
pendent researcli laboratory, % 

One method of controlling the interior thernS^onditiuns 
of l)uildings IS to design the building thernfiil^Raritanice 
to confopfTi to the ambient diurnal environment cycle for 
^ reducing peak heating and cooling load 'requirements. This 
program' intends, to develop analytical and experimental 
methods to predict and measure the transfer and storage 
of thermal energ^ for building heating and cooling applica- 
tions ^sing-a wet sand bed. I 

Reduction in the consutViption of expendable fuels for 
tlitV heating and cooling of biuldings is bein^ pursued by 
the additio^n of thermal insula\grj^he reduction of air 
infiltration, and Hie use of total energy, concepts.- Fast 
studies liave sho^vn tlie need for the use of thermal storage 
tanks wrtfi'solii^collectors, the desirability of usrrtg phase \ 
changejrnateri31s,^r!i^.tlie use of heat pipes to transfer the 
thermal tjnergy* fro^"ccdlectors to storage or from storage - 
to the point^ofouse. No heat-transfer studies have been 
reported on 4his-s|lecific^plication. 

^/V'^review w^ll'he rri^de of the char'jkcteristic^ and experi- 
omental prpfcedufes for determining thermal performance of 
water uifihrOfting sand bed. Analytical model^e^cribing 
the transfer and ^storage of thermal energy will l)^^ener- 
ated for use in simple. building systems. 
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AIR INFILTRATION IN REACTOR 
CONTROL ROOMS 

Charles ^jint 

Biuldlng Environment Divison \30l -921 -3512 
.Sponsor ',Nuctear Regulatory Conimi\sion\ 



This project^ will mel^ure the air leakage of atomic power 
plant control rooms by the use of sulfur hexafluoride 
(SF^^) tracer gas.* At present, there is no estahli^li^d pro* 
{•<'dure for.moasunng I lie air leakage into a control room 
operating in the emergency mode — shut- off from its sur- 
roundingb. However, tlie National IJureaii Slarnl,|rdi; 
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THERMOGRAPHIC MEASUREMENJ 
TECHNOLOGY 



Douglas Burch 
Building Environment Ditison - 301-921-3512 

Sponsor - Federal Energy Administration 



developed /SF,^ IraccF-gas teclinique is well Sniffed to this 
'-«task. rale of 'dilution of^« (iirparls^per-billiou) -is ^ 
used to estimate the air infiltration. rale in two sample 
rooms/ Control rooms at ^^^,^^^7* Pennsylvania and 



^rovjh's Ferry, Alabama, have be^isited and specific 
measurements and sampHng problems identified. Equip* 
ment has been assembled. The first n^easurements took 
place in September 1975, at BeaVer Valley. Brown'^ Ferry^ 
rs tentatively scheduled f^r Marijh, 1976. 

I 'A 

« This project ^^ll develop a tiovel surface-heat^flow 
measur^.mettiaechHique, one that is needed for evaluating 
building-thermal insulation. The usC» of thermographic 
techniques have thus far been Hmited to the measurement 
of surface temperatureb and patterns of temperature, but 
* therli is no information on the use of this technique for 
measuring heat flow. 'This new technique would provide a 
wayToT non-de.structiVe, larji^-scale, accurate heat-flow 
measurenie;it. / 

/l*he lechniqi^e coilsisls'of i^^l^P^^g ^ well-calibrated 
heat-flow reference pad wfiose surface emittancc is 
iiirt^^jed with the b/iilding surface. under ohservajion. A 
suitable electronic/link needs to be developed so that the 
^lennographjc "iFgejo.f the reference pad and the building 
liirface are uiiinyic^ai; This can be done by controlling The 
heat emitted (or absorbed^ by- the reference pad. The 
_ apparatus, wh^iS^includes an integrator and digital dispbv 
of tU^ heat flux, is in the conceptual stage. 



MEASUREMENT OF INDOOR 
RADIATION 

James Hill 
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I nder this project, new instrumentation for predicting 
human thermal corofort is berng developed, f radii ionally< 
ther^narenvin)nmenls for human occupancy are evaluated 
by physu-a i measurements of mean radiant temperature, 
air temperature, air velocity, and humidity. 'However, 

• these do not directly permit eonsidera^on of t4ie asym- 
metries and transient nature of thermal environments. 
Asymmetries are common in radiant environments*and 
ajso arise from flows of cold or warm air iinpingiiig sepa- 
rately or simultaneoust^^upon different sides of a himian 
bmly. Spot-measurements of air temperature or air 
velocity cannot detect silch asymmetries, nor do they 
permit consideriition of th(?ir effects in ratings of environ- . 
ments focl.comfort. . , 
— I r^s t year, a contTaol was issued to Dr. Theodore 
Benzinger for the development of a prototype resultant 
; surface -If mperalure (RST) meter. Basically, this is a 

' device that produces heat at the same rate per unit surface 
Sr-ea as does a litiman body. Whr^u^ver any factor of the 
thermal environment changes, the resultant Mirface 
temperature of the instrument must also change m order 
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thai 'the equilibrium between productibn and loss of heat 
can be resforisd. The RST meter was used in a segment of 
the field study on the National Bureau of Standards field 
testshouse to demonstrate the degree toVKiSffasymmetri- n 
cal radiant conditions exist in a typical residential dwelling 
in winter. 



FENESTRATION: THERMAL "S^ 

Eimkr Streed 

Buiiding Envifonment Divison • 301 -92 1 -3503 
Sponsor - National Bureau of Standards 



The approach to thermal-related aspects of windows is to 
relate artificial lighting and energy requirements with the 
solar thermaUnd day-light characteristics of selected 
window types. Data compatible with the Bureau's Load < 
Determination Program (NBSLD) will be generated to 
permit simultaneous analysis of these parameters to deter- ^ 
rnine the effect en total energy consumption of building 
types. These dafa y^be used for additional analysis with 
economic, architectural, and psychophysical factors. 



SEALED INSULATING GI^SS^ 

Mahn Hahn 
^Building Environment Dwisgn - 30 1 -92 1 -3503 
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THERMAL PERFORMANCE OF THICK 
FIBROUS INSULATl 

Elmer Streed 

Building Envipnmer^Dmson • 301-921*3503 

^ / ^ ^ 
Sponsor ' I^ational Bureau of/Standards - 




Insulating glass may be prone to condensation of 
moisture inside its air cavity. To improve the performance 
of insulating glass, it was necessary to develop reliable 
j^ting procedures and instruments to see how dry the air 
space was before and after installation. 

A cooperative effort among the Department of Housing 
. and Urban Development, the,National Bureau of Stand-^ 
•^rds, the American Society for Testing and Materials, and 
industry has been undertaken to develop a new method for 
measuring the frost point, of air between the glass, and to 
conduct round-robin tests on ^rious temperature and 
luimidity test cycles imposed on the insulating glass. 

Tor this project. Dr. Mahn Hahn, a research associate 
with the Thermal ^Engineering Section, received an I-R 100 * 
Award, an^ honor bestowed by Industrial Research maga- 
zine. The award is given annually to researchers, in- 
novators, and developers responsible for significant new 
products. Dr. Hahn developed the apparatus for measuring 
the (Jew-frost point in insulating glass. * 



The basis for the use of fibrous insulation with thick- 
nesses of ug to^35 cGntirrieters (14 inches) is the assump- 
tion that the thermal conductance^ follows the basit Fourier 
Equation; i.e-, the thermal conductance is inversely por- 
por^ional to the thickness. However, in^actual praqtioe, 
the insulation is subjected to a dynamic environment with 
variationTin relative humidity, temperature, and internal 
air movement, which could cause a deviation from this 
, relationship. The design and specfilcation of commercial 
low^density fibroids insulation is a compromise between . - 
reducing the conductance, economics, and the application , 
requirement. Improved theoretical understanding of the * 
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Hrawffer ph^nomena^especially relating to the internal air. ^. 
motion will help the manufacturer, design professionals 
and contractors better understand the in-service th/Jfmal 
properties and moisture condensation probl^s anfl 
moisture transfer. 

This project willcombiOe Bureau expertise in thermal 
conductivity measurements with university and industry 
experience to determine realistic heat transfeT'Sp^formance 
of building w^Us. Experimental v^erification of predicted 
performance is- being performed and a comparison is beings 
made with available data using the computer simulation 
ujthnique. " ' • - 



INSji\TION IN REFRIGERATED 
-WAREHOUSES ^ 

Tamami Kusuda > 

Building Environment Divison - 301 -921 -3501 
Sponsor ■ TriServices Committee . * 



' This project explored the feasibility of drying out wet 
insulation in cold-storage warehouse walls and ceilings by ' 
forced-circulation of wareh'ouse.air, 

A majority of thfe nation's coU storage warehouses are 
experiencing difficulties in keeping the insulated vail from 
becoming water logged, because of continued water vapor • 
"condensation from outside. The method resulting from 

this project will contribute to large energy savings, in 
"^irddition to a substantial reduction in wareliousc deteriora- 
tion. 

Tbe National Buceau of Standards apparatus flvr testing 
air, moisture, 'and ileat transfer through walls was used for 
the cQnventionaJ'gl^ss fiber type warehouse wall with a 
conventional vapOH^rier. Kirst the vapor barrier of the 
test walls was intentionally punctured in accordance with a^ 
predetermined pattern to bringvtjje moisture into the / 
insulation. Then, the c6ld side air was forced^iiito the ^ 
insulation b'y local, as well as overall, pressurization to see 
whether condensation in 'the insulation could be prevented 
*or removed. , 

The test on a simulated^, fibrous glass insulation wall 
was completed. Separate tests onr specimens of various 
insulating material such as cellulosic fiber, urea formal- 
dehyde, and fibrous glass were also completed. It was 
found that the moisture condensation was prevented and 
any wet insulation was dried out by a slight increase in the 
pressurijzation of the cold side.' 



WALL STUDl^^S FOti THE AIR FORCE 

Douglas Burch , 

Building Environment Ef^ison - 301-921-3512 
\\ 

Sponsor ' United Statp Air /Wee 



This project Vill evaluate ^e effectiveness of several 
procedures designed 'to prevent damaging moisture accujnu- 
lation in walls to which thermal insulation was added to 
reduce energy consumed for heating. Application of vapor 
barrier paints and venting the in3ulated cavity to the out- 
door are examples.^ A survey of Air Force buildings'^will 
be conducted to identify three wall construction type» that 
frequently develop moisture accumulation problems after 
being retrofitted. Laboratory and field studies will then 
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conducted to examine the effectiveness of protective 
measures. ^ . • 

full-scale wall section ^ill be constructed in the 
raboratory and will be fitted into a test apparatus which ^ 
will maintain the interior ^wall surface at 24*°C (75 °F)$and 
40% relative luunidity and (he exterior wajl surface at' a- *, 
prolonged cold cdiidition. The inirpose of the tests coii; 
rfurt^ct-on the full-scale laboratSfT<vall section would be to 
study in detad the moisture accumulation processes and 
the e/Tccts that occur in retrofitted walls. 



RETROFirriNG A DQMESTrC 
DWELLI.NG FOR ENERGY SAYINGS r 

Douglas Burch ' ^ 

' Budding Environment Divison - 30h92I-352l 

Sponsor ' Federal Energy- Administration 



The ol)jective of this project is to measure the enelgy 
requireci for wint(?r heating and summer coohng of a- 
:u<>aidentitil dwelling in an "as is]' condition under a- variety 
V^f weather conditions, and then deter^iine the energy^ 
requirement after retrofitting. , ■ 

During FY75, winter heatjng energy and air infiltration * 
rates wew miiabured and correJateU Kith respect to outdoor 
ronditionf so^hat savings in heating energy requirements 
could he (Joternuned. Theiu'thi-ee phases ofthe. retrofit: 
caulkyig, adding insulation, and adding storm windowe 'dm% 
door*?, Wbre performed. It was found that the steps taken 
to reduce air leakage (caulking, weather stripping, efV) 
were not particularly effective in reducing air infiltratioii 
or heat loss rate because the test house^was initially of 
tight construction, having air change rates from 0.4 to 0.75 
air changes per hour .before the caulJ<ing was done. The 
application of storm windows was found to have essentially 
no effect on the oite of air infiltration; hut produced 
heating energy savir|gs of about 24 percent. The addition * 
of insulation saved a^n additional 28 percent. The total 
heating' energy sHyings resulting^rom all the energy con4 
servalion measures' waivfouncl^o be 52 percent. The addf^^;^ 
tion of insulation caused the rate of air infiltration to 
de(;fease by roughly 20 percent from its initially low value. 
At the-end of the winter heating seasgu. samples of wood 
siding, sheatliing, and insulation cores were taken froni 
house walls to determine moisture conjient. A compre- 
Irensyve interim progress report was wrRten. AwningS^Te 
installed On the house. The summer pooling energ)^ re- 
quirements were measured^or the retrofitted lest house 
and compared to corresponding pre-retrofit values. 



STANDARDS FOR REFRIGERATION 
COMPONENTS . ^ 

William Mult^ay ^ - , - 

Building Environment Ihvision - 30h9h-35L2 

Sponsor - Army A'a//cA* Development Center 



Since 19:J8, the National Bureau of Slandaris has 
responded to Ihe needs of tlie Department of,Defense\s 
fTalick Lalxjfatories in tlie field ot-refrigeration and iieating 
equipment. Information develojjed'injthis program was 
used Cor^Natick\ immediate newk^and for gi^ncrating and 
upditti^nj^sHlie .standard^of the American National^tandards 
Institute, IW:., tIjuR' Anfcrican Society of H *a^ing, Refriger- 



ating ajid'Air-Condilioning Engineers, and similar organiza- 
tions. Methods of testing and ratings of performance 
^characteristics were published and are n^w routinely used 
in the industry. 

* Recent work mvolved laboratory measurement of per- 
formance of refrigeration equipment. The goal was to _ 
obtain maximum efficiency and tfse of energ)* consumed 
williQUt impairing rjsliability and effectiveness. The pur- 
pose wa$ to improve energ)* efficiency and to develop 
^'^uipment and systems, such as the heat pump, that 
(i^'^Vp two to tliree times more cooling effect than the 
po^'CT suppRed. ' ^ * 



ENERGY CONS^VAtlON FOR FOOD 
SERVICE EQL imENT ' 

Budding Environment Division - 1^01-92 1 -352 1 
Sponsor - Army Natick D^dopment Center 
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There are no exislmg test procedures for measuring the 
performance of food-^er\ice equipment under usage condu- 
ctions. .\s a:^^1t, there are no data on tKe efficienc>' of 

\differeJit feati/iis or control methods for ovens> refrigera- 
tion units>^r retrigerated structures — under part l6ad, 
Variable amBiertt^ or" simulated usage conditions. T}iis 
projecf IS devJiopmgiest procedures to fill thl^ \oid and is 
generating data to allow evaluation of different food'Service 
equtpmerU systems for energy* consumption and life-cy^le 
costing. 

e^mple, normal refrigeration units are rated at full 
output- atxt ne fi xed set of temperature conditions. ^This 
year, part load and variable ambient tests are being per- 
formed on refrigeration rfnits. Several control systems are 
being used on this unit so that the ^r<rsponse to vamabFe 
conditions can be evaluated. Tests are also being [Per- 
formed to determine the efficiency improvement that could 
be expected by fitting larger than normal heat transfer 
surfaces. Studies will show^the benefits to be obtained by 
employing demand defrost with careful sizing of th^ defrost 
heat supply^ 



FIRE aS'DJUVE loads IN BL ILDI.NGS 
Charles Culver 

Office of Housijtg and Building Technology ■ 
301 -92 1 -3 126 ' - . 

Sponsors - General Services Administra^j^, 
\iinonal Aradem\ of Sciences 



The objectives of this project are to collect fire load 
and live load data and to apply probabilistic models for 
pred^Mift^ loads in office o'ccupan<^ies. The office building 

-Sjtt* load and li\e load progra*m involves surveys of rooms 

^ >tatistical manner chosen from buildings 
located throughout the I nited States. Based on surveyed 

, roonv factors. ^m^ior finish, and the type, quantities and 
di>tributmn of < ornbustible (X)nlents and other live loads, a 
•statistical model was^devised to predict the fire and live 
loiids to expected in buildings. 

" The design of safe, economical structures requires con- 
sideration of loading and structural resistance. Although 
mo5l,biuldipg codes currently trCat the design problems 
in a deterministic fashion, ihe trend in code development 
in the Tnited States and abroad involves exphcit considera- 
tion of<?he variability of these factors. Results obtained^ 
from*this survey improve the understanding of the factors 
affecting loads m buildings and permit developing design 
valuer based on the probabilistic nature of the loading for 
^ incorporation m national model codes and consensus 
^tandard^ This vmII contribute to improved building safetv 
and provide or>e means for reducing life and property loss 

cfue lo fire>. " 

Surve\ techniques based on vseight invenlorving and data 

collection procedures v^ere developed. Characteristics such 
as height, age, location, jetc. of office ♦buildings in the 
I -S. vsere determined and used'to select a statistical 
>ample of the buildings v^hich v^ere surveyed. Special data 
processing techniques and computer-programs were 
developed for data analysis purposes. The final project 
report is available. 



BUILDING PRACTICES FOR 
DISASTER MITIGATION 

Charles Cull er ^ 

Officc^of Housing and Buildm^ Technology - 
30 1-92 hi 26 

r 

Sponsors - \anonol Scienct^ Foundntion. 
* De^erne Cn d Prep^^redne^^ isenc^ : 

k \ ational Barerui of "<taf\dard:^ 



Federal concern v\ith building practice for disaster 
miti£ation ari^e^ from major stat^itor)' responMbilities. 
Approximately 37 percent of all nev^ construction is 
directly or indirectly Federally supported; good practices ' 
• protect •these investments and reponsibilities. The Disaster 
Relief Act Amendments of 1971 (P.L <)3:288) expanded 
these responsibilities requiring evaluation of the hazard 
potential of existing Federal facilities and Federal designa- 
tion of appropriate reconstruction standards. 

Working in cooperation with other agencies, the Center 
for Building Tech nolbg>' provides .research results for 
implementatioft Jn Federal disaster mitigation programs. 

OulpuJJf include manuab of practice, recommendations 
for inclusion in codes and standards, and design criteria 
and procedures for improved building practices. , * 
• A report detailing procedures for evaKiating the hazard 
p<jtcntial of existing buildings was prepared. An evaluation 
of a-nevs procedure for the design of ^*arthquake resistant 
structures also wa^ completed. A major effort nas initiated 
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SEISMIC RERF()RMA>CE OF 
BI JLDING SERVICE SYSTEMS; 

dharles Yance\ % 

Sponsor - \ationai Bureau^f^^f Standards ♦ 



. lo develop ccrmprehensive nationally applicable seismic 
desigii*provisions. Represenianves from 12 Federal 
agencies antf 85 professionals from across th^ county are 
participating in the effort. 

Presently the Center staff are working with the. other 

> Federal agencies in planning and coordinating wofk related 
tp the provisions of P.L. 93-288. Specific research prob- 
lems rejaled to these provisions will be^^ntified and 
implementation plans developed. The work will con- 
cenlrate on th^ General Se&vices .Administration actfvitids 
in^aluating existing Federal facilities and the Department 
of Housing and Urban DevelopiVient's development of 
reconstruction standards. In consultation with the. 
Defense Ci^il Preparedness Agency staff,- their research; 
needs relalive-to disaster mitigation will also be reviewed 
and procedures established for focusing laboratory work on 
required problem ar^as. . 

An implementation plan for laboratoVy research in tlie 
ar^a uf earthquake-resistant masonrv construction wilt be 
develcj)ed based on results obtained from a future Center 
workshop. A report fofus^ b\ design professionals wilj^be 
prepared detailing the basic assumptions and concepts of 
^ the response spectrum approach to seismic design*' 
Development of comprehensive seismic design provisions 
for buildings will continue'and a first draft of the provi- 
sions issued for review and comment. .A special workshop 
was held at the Bureau to provide an opportunity for 
Federal repre^^entatl\e$ to provide direct input to the final 
provisions. 

X . . . 

This project will develop a program plan for establishing 
seismic performance requirements fbr building service 
svstems in critual facilities (hospitals, communication ^ 
centers, etc ) that must remain functional following the 
occurrence of earthquakes^ The earthquake-resistant 
design* of service systems and the performance of the^e 
systems in past earthquakes wilf be reviewed. Then a re- 
^ search plan will be developed for obtaining information 
required^ to improve this seismic performance and to 
ensure func tioning after an earthquakf;. • 

The effort'will involve; (I) the identification of 
critical service systems and functional requirements for 
these systems fallowing an earthquakeVj(2) a review of the 
nature and 'extent oj^ building service system's damage . 
resulting from earthquakes; and (3) a review of seismic 
design procedures for bdildmg service systems and the data 
^ uswi'to establish these procedures. Crjihcal service systems 
an^jisi?r requirements for these systems following an^,. 
earthquake will be efitablished by working directly, with 
F'ederal agencies respensible for' emergency facilities.^^ese 



DISASTER ESTJGATIO.NS 

. > . «^ 

Charles Luherj 

Office of Housing iin3' Building Technoiog;) - 

Sponsors - \ational Bureau of Standards i 

Defense Ctiil Preparedness AgerlcY 



requirenients, (such as the length of time following an^ 
earthquake thit the service systems»must, remain func- 
tional, dependence on external supply (water, po\yer, gas, 
etc.) versus reserve on-site supplies^ and others] provide 
thg basis for performance criteria. Direct involvement of 
these agencies in the problem definition will ensure that 
the research plan developed is responsive to their needs* 

The review of earthquake damage to service systems 
will be carried put in consultation with individuals in- 
volved in post-disaster investigations. Particular attention 
wiH be given to the limited data on failure modes for these 
systems and their performance following an earthquake. 
Needed experimental and analytical studies will be identic 
fuvd ^nd incorporated in an overall research plaif for 
building service systems. 



These investigations help define those construction 
practices where improvements would significantly reduce* 
the loss caused by natural hazards and other-extreme ; 
loadings. This study includes formulation of research 
plans directed toward obtaining dala on the behavior of 
building components and systems and implementation of 
these results through consensus standards and codes. 

Life and properlN* losses from natural disasters are 
increasing annually. Studies have shown that iriiproved 
standards and codes provide one means for substantially 
reduang these losses. For earthquakes alone, it has been 
estimated that improved standards could reduce total 
property losses incurred over the next 25 years l>y 10 
percent.- • 

^ Effective post -disaster investigations require cofisider- 
able planning tx) ensure collection of the most significant 
types of^data and full' use of the learning opportunity pro- 
vided by natural disasters. The Center for Building Tcch^ 
nology's (C§T) effort will be coordinated with that ofothe 
• Federal agencies concerned with collecting danwge statis- 
^ tics and providing disaster assistance, such a^ the Defense 
Civil Preparedness Agency and the Federal Disaster .Assist- 
ance .Administration. It is anticipated that this coordina- 
^ tion will lead to definition of a specific role for CBT in 
disaster recovery operations. - 

^ Liaison has been maintained with the N.itional Science 
Foundation (NSF) activities related to^ posl-disasteV investi- 
gations. CBT'Staff has monliored a major project for NSF 

' concern^ with developing pJst-earthquake investigation 
prQceclur^s and provuled extensive review of project 
reports. CBT staff has also particiipated in tjie Federal 

• I nteragenrv 'Disaster Mitigation Group and investigations 
w<»n» roridur trd following the ro[l.ipse of a Federal office 
liuilding 111 Florida anil following foiniihilion pr(>l)liMnh at 
the Departmenl of HoiiMng and I rban Dcveloj)ment })uil(l- 
ing in Washmglon. " 



WORKSHOP ON EAKl HQl AKE 
RESISTANT MASONRY 

Robert Crist' 

Structures, Materials and Safety Division 
JJU92l'347l ^ 

.Sponsor ' National Science Foundation ^ 



The ptojecl is lo organize and conduct a workshop on 
Earthquake Resislanl Masonry Conslruclion. Hi Pari I of 
ih^ worksho'p. invesligalors will discUss ihe objeclive and 
scope of existing research programs and present their find- 
fngs to this date. AJso" inclwded in Part I will be presenta- 
tions by users of present design crtteria for masonry 
structures. Part II of the .workshop will consist of w^rking 
groups who will a<>se.s.s ongoing research, researcli needs, 
and research priorities. The proceedings of the workshop 
will be published by the National Bureau of Standards. 



HURRICANE EFFECTS ON PORT 
FACILITIES 

Emil Simiu ^ 
Structures, Materials and Safety Division - 
30 h92 1-3475 

Sponsor - The Maritime Administration 



The purpose of this project is to contribute to the reduc- 
tion of losses'experienced by Gulf Coast and Atlanh% 
Coast ports subject to hurricanes. This will he a^^com- 
•plished tlirough the acquisition of wir^d speed data.under 
actual hurricane conditions. Recommendations based on 
. tliese data and on other available information will be made 
for the improvement of procedures used in the design of* 
port facdities. 

in FTTo, a Center for Building Technology (CBT) t4:am 
investigated conditions^during Hurricane Carmen (.August 
1^>74)- Two technical papers (for locations of hurricanb 
winds and hurricane wind profil^) were published. Pro- 
cedures for evaluating code proW^ioos on design for wiiids 
wei'e developed. CBT also gave assistaiice to port facilities 
in'the, requisition and installation of peak-reading • 
^anemoni^ters. 



TORNADO-BORNE MISSILE^ 
VELOCITIES 

* Emil Simiu • • , 
Structures, MatcnaU and Safety Division -. 
3dl'92h3475 

Sponsor • Energy- Research and Dei elopment 
•Admintstration 



Thib project wiirpro\ide criteria for the safe and eco- 
nomical design of nuclear power plants that may be liit by 
tdrnado-|enerated missiles. Thi? will be accomphshed by ^ 
esl^imating tornndo-borjie missile velocities, by obtaining * 
pertinent^dat,3j)ii drag and lift of typical missiles using 
\s-iiid tunnel jests, and by t^atcujaUng pe^nc^qd ejecfioV- 
missile velocities'. "A " f 

fn FY75, a model for the motion (A missiles in a tornado 
field wasTompleted. A oompuler-pfogram for calculating 
and graphically representing wind speeds and trajectories / 
was also developed. This year the (i^enter plans to further 

• develop the results of wind-tunnel studies along w^tli a list 
of drag and lift coefficients^ The Center also will prepare a 
report for the sponsi)/*. Tornado-Qorne Missile Velocities, 

including a critique of present approaches, the compif^^r 

.program, and results. 



STUDIES OF REDUCED-SIZE VENTING 

Mary JqneOrloski 

Building Environment Division - 301-921-3293 
Sponsor ' Tri 'Services Committee, 



PLl MBING SYSTEMS DESIGN 
CRITERiIA 

4 

Luu rcnce Caiomn 

Unildin^ Knurutwwnt Dnision - J0I-9Jl'J39J 
Sponsor • \ational Bureau of Standards 
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This project, featuring a planned field study, wa i 
established to validate and yuprove existing, labora 
based design criteria for reduced-size venting. | 

Plajis for four types of military housing units wef 
modified in accordance with existing criteria for re- 
duced-size venting as recommended^by tlie Center, 
units wer</ Tilted with" instrumentation and a d^ata i 
tion system to measure the most significant parametyrsU 
that determine service loa(Js ^jnd liy^raulic/pneumatfe ' 
functional performance^ Such parameters include: leal- 
retention in idle traps; blow-back/biibbling in idle tnffs; 
peak penumatic pressure excursions in vents adjacen to 
idle traps; water depth in building drain; air flow rate s in 
vents; and time and spatial distribution of discharge Opera 
tions of the principal load-producing fixtures and 
appliances. 

The Center has recommended certain criteria for t, 
design of reduced-size venting systems in one- and tw 
* story housing units, and has suggested that further e(,y 
nomies and greater reliability may be possible based oi 
service data on load pattern^, and on actual hydraulic- 
pneumatic performance in occupied buildings, and (2] 
from selected laboratory tests designed to contribute 1 
more generalized, computational' approach than is nov^pos■ 
sible with present design criteria. , 
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The Center for Building Technology (CBT) plans tc 
grade present methodology for the hydraulic design an 
evaluation of plumbing systems, with an orientation tc 
performance concepts. The work is .needed to provide 
scientific basis for criteria and evaluation techiques tl 
will: (1) speed,acceptance*of innovative designs, and 
reduce consumption of materials, energy, and water, 
results wHl significantjy contribute to effective input 
national and- international standards, and in the 
codes and specrfications used by other governmental 
agencies. Mathematical' models, reproducible test metll 
and user-oriented performance criteria^will be develop/ 
from laboratory experimentation. This information 
computer aids will be used to predict the hydraulic perj 
mance of a range of designs. 

During FY75, further progress was made to complete 
'7 CBT plumbing research laboratory. OT particular signil c- 
ance was the acquisition and installation of a modern ^1 s- 
pla/and test-load controller system. The design, fabric i 
tion, an^l installation of instruments and cgmponents 
essentially completed, comprising a specially designed 5 
story single-stack drain-waste-vent'syitejn with" building 
sewer and submergence sim'Tilator. Fof^jhe U.S. rounte 
part commission to ConseiUnternationa] du Batiment 
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(CIB) W62, Water Supply .and Drainage for Bm Wings, 
work.itivolved preliminary, efforts to defitie a number of 
national issues and rQSearqh needs, and to plan for the 
1976 CIB W62,Sytnpos?tin:j to be held^jti Washington. 

Liajson and review activities have continued qn the P.L. 
^t80' pr-Qgram on Water Conservation measures in Plumbing 
(at the Standards Institution of Israel), on the \*\L. 480 
"^VrogCam on hydraulic performance of innovative] high-rise 
sartitary drainage systtems ^ tfe Central Buildirjg Research 
Institute of India), Jind on| ^^le Complementary Pesearcli , 
Agr'eenient btJtween CBT and the Buihling Research Estab- 
lishment (BRE), (United Kingdom) on building Irainage. 
Progress was made in organ|izitig a program to introduce 
the performance approach a^ a complementary activity in 
the American National Stan(^ards Institute, Inc. 440 pro- 
ject on the National Plumbing Code. 

I*'Y76 plans are to issue reports on preliminar ' tcsis on 
stack dynamics and calihf^ation of fixtures, to co ijplete 
exchanges under prior^ agreement with BRE, and to install 
several pieces of equipment required to support research 
work. Among these are automatic hydraulic terminal 
control devices (e.g., digital valves and associated elec- 
tronics), additional signal conditioners for strain gauges, 
pressure transducers> a low-range load cell, transparent 
fittings and pipe, pressure over range switch -gauges, water' 
depth transducers, and bubbling transducers. 



MEASUREMENT TECHNOLOGY: 
UTILITY LOADS 

Richard Grot 

Building finiit^nment Division • 30 1-02 1-3293 
Sponsor .- .\'ational Bureau of Standards 



4'his project will provide new or improved iristrurncrita- 
tion for. research activiJies related to water usage, energy 
consumption, and plumbing phenomena. For many re- 
search undertakings, instrumentation is either iM avail- 
able, not automatCfl^ or excessively expensive. An in- 
creasing emphas'is on field measurement of energy and\ 
water parameters requires low-cost* automated data ac(|iusi- 
tion- Similarly, the proper (^inctioning of the building / 
electrical systems laboratory aird tjie plumbing tower J 
re(juire special ptijrposc; instrumentaHion. 

Since last year,. the prototype field- portable data acquisi- 
liomsys|em for nionitorrng water usage in residences has 
))een asse{nbled. The compact ^^ystem will nteahure and 
record the signal ()utpul of- flow meters, How switches, and 
temperature fransducers in both digital and analog form, 
A [)lumbing fixlur(-*trap depth seiksor and signal condi- 
tioning package lias been designed, conslructecKxand labora- 
tor\ Ivsted^Tlii^ sent^or is r'dpiijAc. of measuring traf) depth 
retention to within o mm and indicate«^*t!ial water is flow- 
ing through the tiaj).' Klertronicjnstruinentation has been 
dt^>igned. const nu'ted and tj'sted for the encoding and 
recording of di^cpete events, and for the lotalizir4g.,of pulses 
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from Avater meters, electric meters or*gas meters, to rpeas- 
^ lire the total (juaiitity of water, electricity, or gas con- 
sumed in an interval of time. A small "propeller anemo- 
meter and corresponding signal conTlitiopin^ cards have 
heen cor^riictod for measurement of air flow in dCicts. 
piis instrumentation has heen assembled, along with the 
necessary control Jogic cards, in two types of^data logging 
packages; one applicable for measuring water and' drainage 
usage patterns and evali^ngtnnovation in plumbing systems 
and the other for determining energy usage patterns of house- 
hold appliances. ' 

During this year, instrumentation for interfacing the 
buiWing electrical 'systems laboratory and^the. plumbing 
tower to the Center's mini-computer are beHxig assembled 
and tested. Emphasis is placed on modifying commercially, 
available data logging equipment and the Bureau-developed 
equipment to the specific needs of these laboratories. 
SeveVahsdiemeb for rapidly scanning and storing two to 
five second bursts of data'for later (ransmfssion or record- , 
ing at slower rates are being examined. 



VETER.V^^ ADMINISTRATION 
HOSPITAL PLL .MBING CRITERIA , 

l^ivrence Calowm - 

Building Environment Division'^- 301-921-3293 
Sponsor Veteran s Administration 



This project provides for the appFication of^simplified 
pFumbing drainage Concepts in hospital design to reduce 
the quaiitities of materials used and to increase the effi- 
ciency of space use, particularly in the modernization of 
JId hospitals. Provision is made for the transfer of exist- 
ing criteria and research-based design recommendations to 
be Used in the development cff new criteria through 
planned laboratory tests, and for a^field performance 
evaluation to confirm the adequacy of the design criteria 
and to demonstrate the benefits achieved. ^ 

The findings are expected to be of particular interest to 
the Veteran's Administration (VA) in planning for future 
!#edical care services, and dre also expected to be of signif- 
icant interest to other governmental and private-sector 

^ . . ? I l l 

agencies concerned with providing medical Care services - 

emphasizing spatial efficiency in design- Xhe study 
apprcf^lrfs as follows: _ 

Phase 1 • Review existing VA criteria and plumbing * 

plans and specifications in the light of recently 
developed criteria and performance data for 
Amplified designs for drain-w^ste-vent 
.systems, with recommendations asMo applica- 
- tions and benefit^ in selected VA building 
programs. 

Phas<>'2 - Full-scale or critical-component tests in the 
Center's plumbing research, laboratory, or at 
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— ^ some other appropriate. laboratory having 
— facihties suitable for the acquisition and 

analysis of data from complex dynamic fluid 
. flow processes, v ^ ' ^> 
Phase 3 • Fjeld demohstrations in one or more VA 
hospitals, involving measurements of key 
hydraulic performance parameters and load- 
patterns «at selectee^ ppints in the building. 

Inadequate supplies of waterman affect the health, 
safety, and welfare of the entire population and can cause 
severe economic repercussions in industry and agriculture. 
Water demands in'dweflings have historically expanded,- 
and the introduction of new water-consuming devices im— 
poses new loads*on the water supply system as well as 

increases the waste-water treatment loads. New program ^ ^ 

developments are under way to expand the water resource ^ 
base as the availability of watershed developments 
vanishes; e.g., the Environmental Protection Agency's pro- 
gram in^aste-water reprocessing to potable quality for re- 
cycling. Alternate strategies can be developed to satisfy the 
water demand requirements. Two e^^amples are: (1) 
matching the supply water quality to the usage require- 
ment with dual-pipe supply systems in buildings, and (2) 
establishing' water conservation practices through tech-' 
nological innovation with reduced water flow systems and 
fixtures. This project is limited to 'the investigation of ^ 
'approaches for developing standard practices of water 
coiiservation by built-in technologies. 

The broad objectives of developing water conservation 
attitudes and equipjnent practicjes that reduce wa|er con- 
sumption are to be approached in ^ step-by -step manner.' 
This initial ;task is to conduct jstudjes of,built-in water,^ 
supply distfibutioh-systetns' arid -fix tilres as-f6llo'ws: to 
determine the measure of functional ade't^uacy for severaL. 
proposed systems that conserve water; to devefop protocols^ 
of testing methods for evaluation; to conduct tests for 
realisation of water savings; and to reduce energy con- 
sumption and impact upon the water quality delivered. 

At present, there are no stand/rJs for measurement and 
evaluation of claims of water-conservation practices; e.g., 
reduced fluSlTtoilets do not- require verification of claimed 
reduced flow per flush. In installations of blended' or 
tempered hot water single-pipe water supply distribution " 
systems in dwellings the patterns of ulage may mitigate 
the water and energy savings*. Innovative approaches for 
mj^thods of water conservation are marketed with claims of 
wattjr savings which 'fire not l)ack*ed by rejiable tests. 
There is a need for uniformity, particularly with respect 
:to a normaTbase load or patterns* of usage. 
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During this year, tlie Center is selecting I'epresenlative 
samples of topical elasseb of water conservation sing^le-pipe 
blendecT water systems for inclusion m the fest program, 
prq)aring protocols for test methods, reviewing bas^^e 
standards of compariswi from#emand curves, and form- 
ulating procedures to assess the water quality disrliarge at 
the tap., - > 



COMPUTER EVALl ATION OF 
BUILDING PU MBI>X^ SYSTEMS 

Lawrence Galowin 

Building Environ^ient Division - 30l?92I-3293 
Sponsor • \aUonal Bureau of Standarik 



Tlus project was intended to apply conrputer-aided 
grapliicb developments to tlie evaluation of various 
budding services. High^eed computer^ and l:omputer 
gra[)hies Avere used to physically describe tlie installation'^ " 
witliin the building. The information required to dimen- 
sionally describe tlie building and empirical data to de- 
scribe loads, fixture locations, system designs, -and use 
patterns were catalogued and processed to produce btand- 
"iirdized inputs for computer programs under development 
for evaluifling building plumbing systems at the National 
Bureau of Standards and Building Research KbtablishmenI 
in the United Kingdom (as well as ol4ier studies conducted 
elsewhere). 

In FT75, the Center completed the inlerfacing of tFie 
Tektronix plotting routines^nto the minicomputer; opera- - 
tionaj status was attained witb'display cath6de ray tube > 
pertpheral. This system provides geometric and graphic 
display with Imrd copy available on command. 



NATIONAL PLl MBLNG CODE 

[.Mivrence Galowin 

Building Environment Division - 301-921-3293 
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The American National Standards Institute, Ini', (ANSI) 
A40 National Plumbing' Code \y^\is{ rc\ised in 1955 and 
is in serious need of upgradiufg. Participation On this 
standards comnu444Hv^lloWs miplenientation'^of the Center^s 
researcfi results, especially in the area of performance 
^.,§tandar4sjfan4^aJsal^|pi4'to iileiUj[f^T!iti)ri& i^e«eah:jl iiced'si 
While extensive iiipul^wilKbe madtvto tho devetl)[imer)l o*f^ 
the specification portron/>r the stapdard,;ili'e niajol-r^^por'^^' 
tunitv /or the Bureau appears' to lie iirthe application of 
the performance approach to plumbifig standards. 

'A40 and lYs sub-grdUps^cCiri'erttl}' &r4;feVrsing.th(^t4G^ 'f'^ 
Plumbing Code along two different tracks; traditional 
spenCic^ition code lme|. and a performance type document. 
\^BPPcx tensive mput.from the Bureau,<considcrable?' 
progress was made on the drafting oft he specification 
do cument. Three meetings of theiA^O commit Ice'-^w^jfe 
attended by the Buneau staff. It^is^anticipatedvfbdf tiib 
specification documertt will ^subrrtilted tj^jhe ANSI^ibn-^' 
sensus process in^early 197^^ActivUy associated with the 
development of the performan^E-type optional eode.*will t - 
continue during the year. ^ ^ ^ 



LIQUID WASTE MANAGEMENT 
RESEARCH 

Richard Sy^jtuleski 

Building Environment Division • 30 1 -92 1 -3293 

Sponsor • Department of Housing and, Urban 
Development ^ « 



riiif> project wfll provide tecliincal bupport in iiH^itormg 
the performance of a Department of Houbing and Urbin 
Development contractor who ij?^developing a waste-water 
.management mannal for new Itousing. Respoiibibihties 

wdl niclude revmw of all documentation produced by llya 

contractor. The objective Ts to ensure that the manual 
, developed will be useful to tlie buiUing community and Xo 
tlie general public. . 



CRITERIA FOR PIPING MATERIAI^S 

Lawrence Galowin ^ 
Building EntHronme^rU Division - 301-921-3293 

Sponsor ' Department of Housing md Urban 
Development 
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Criteria to bUpport tlie acceptance of mnovati\e piping 
miilerialb are urgently weeded. In particular, tlx^nno- ^ ^ 
plastic^ have become attrliCtivtJ in terms •of first cost and 
convenience of assembly; but on th<? other liaiul, tlie pro- 
duct standards do not directly add^ss certain chcwacter; 
i^tirs critical to ^afetj' or durability. o 

-In tluh project^ a review of existing standards and' 
industr\ data was carried out to establish tlie u^T-rclated 
nicaburcbof functional performance, of health* Lid safety, 
and (j^^urability for installed piping systems. Qhoratory 
te^ts were conduct eil to exmnine th([? critical performance 
cliaractert'stics not specifically covered in the standards, 
and from these data, suggested performance criteria and 
test methods were drafted as supplementaHo, not instead 
of, the existing product standards. The approach will pro"- 
duce broad evaluation criteria that are not dependent on ^ 
the particul§r materials; /Tiowpver, the performance; char- 
acteristics of ihe materiaLmay determine which criteria are 
critical and liwice, wliicli te&{ methods need to be . 
(levf*lope(l. ^ H 

In FT75» laboratory work was coiJipleted, supplementing 
earlier w;ork. This work was concentrated mainly in the 
areas of fire performance and thermal properties, and 
involved a broadened rang^j of tliermoplastt4;s materials. 

Some of the concerns relating to'tfieusv of tlui^yi^oj^ 
plastic piping in above-ground residential plumbing sy$* p 
terns can be significantl;3^reduce^ or (^iminated by^a more/ 
'^careful application of existing ki^wledge in design^ installa- 
tion, ayd inspectio^. ^^I^ 'other, ajp^&, e.g.^^fira s^t^^^^, - 
environmental slfepVcriackifng^.agd quality <!)r<jo^)l^,'reico'if(y 
inendations to develop suitable evaluation methods*are 
contained in* the reports alrt?i?dy ^issued ag<ijil prefiiaratioii. 

c 'ft*" '4s?' ' ^ ' 

To date, the cumpmcr -soflwace jieeded^in bUpport of the 
Biiil(nngjCnviron|pdht Divisioii f^ojects'lilis beensi(|5rcliased^ 
from project funds. Sbch software serves* a generat 
purpose functipn for pxperimenfel control, Jata acl|uisition, 
reliction, arrd analy.sis^ HowQvgj-^ lack oj a conyij^ii , 
support base foPsoflware dev<ilopment hasded to^any^o 



specialized programs. N'ew general purpose programs are 
needed, which will enhance lahoralory rapahiRly and ease 
the use of mstrumentation for plumbing, data-acquisition 
systems, and conversions for prccomputer analysis of 
laboratory aucffieid^data. This project will satisfy these 
needs ai\d provide for re^gular maintt^nance ofjn****^?^* 
puter software. ^ ' * 
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MOBILE HOMES AND 
RECREATIONiVL VEHICLES , 

James Gross _ _ z*.- 
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^ . ' Development; 
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The Center for Buildihg Technology (CB?) has for many ^ 
years been represented on the American^National 
Standards Institute, Inc. (ANSI) A119.1 Committee on 
Mobile Homes, which develops the standard for mc(l)ile . 

'^hoTpes^ This involvement >vas given increased empWsis * 
abouTi^jr^fe years ago when CBT decided to designate ANSI . 
Cottimittee A119 as a high priority standard activity. This 
Jtesulted m an incfeased level of particip>ation on Jhe' 
^l^ctional Commjttee or^Mobile homes and ^he Sectional 
Committee on Jtfdfeile Home iQ^atiation and their Jask' 
forces. It eventually Jed tprCBT's being in>Jited lo join the 

- Al r9 Correlating Committee, which overse^ all mobile 
^ home ^nd recreational vehicle standard^ d^velopnfent. The 
ANSI All^l Standafd, for Mobile Homes has gained wide 
aiiceptancejyith 46 States using the standard in their \ 
mobile home regulatory program. The Department of , 
Housing and Urban Development, in developing the manda*" 
tory Federal Mobile Home Standard, has utilized a large 
part of A119.1. . 

The active CBT participation in the ANSI .A119 Com- 
mittee has provided a means for transmitting the results 
of jnobile home research to interested parties in industry, ^ 
goveriiment, and consumer groups. * -,^^\ 



ENERGY USE IN MOBILE HOMES 

Bradley Peavy ' - • , 

Building Environment Division • 301 '921-3503 

Sponsor ' Federal Energy Administration 



This project is concerned with energy utilization in 
heating and cooling mobile homes. The test plan includes 
the instrumentation and measurement of the thermal per- 
formance of a new, furnished mobile homc^lsuilt to 4974 
American National Standsrds Institute, Inc. 19.1 
standards, in the large Center for Building Technology 
"(CBT) environmental laboratory. The 'work in ^BT will be 
supplemented by contract research by Purdue University 
to determine the efficiency of heating and~air-conditioning 
systems used in mobile homes. ^ - 



DOW RESEARCH ASSOCIATE 
PROGRAM: ENERGY CONSERVATION 
IN MOBILE HOMES 

Paul Achenbach 

Building Environmen^ Division • 301-921-3637 
Sponsor - Dow Chemical Company 



The National Bureau of Standards has entered into an 
agreement to supervise and administer, on behalf of the'_ ^ 

- Dow Chemical Co*, a research associate program related ta ^ 
energy conservation in mobtie homes. The effort is 
directed toward the formulation of eco'noraically feasible 
performance requirements, d'iteff'ia, and test methods to 
minimize' energy ^requirements of mobile homes. The re- 
"~ search associate activities will be complementary to present 
Center activities in iijobile home thermal performancie, 

' structural behavior, and materials of construction. 



C»ORDINATING FIRE SAFETY 
RESEARCH IN SINGLE-FAJVirLT 
RESIMNCES AMT MOBILE HOMES 

Harry Tkompspn , 
Office ofjiousing and Building Technology* • 
301-921^33 

Sfronsor -^Department of Housing and I rban 
^ ' D^^pm^nt 



The Cenldr for Building Tecbnolog>* is coordinating with 
the Center for Fire Research two fire safety research p^o- 
ject5. The first seeks to develop) raeariiligful test data and 
design criteria for fire safety in mobile homes. Fire safety 
appears to be a sp^ial problem in mobile, homes which 

* comprise more than 40% of new home construcfion. Tecl^ 
meal information on certain fire safety aspects is lacking 
and IS needed to^improve the current mobile home stand- 
ard National Fire Pf'^iection Association (NFPA) 501 B 
American N^ional Standards Institute. Inc. (jLNSI) 119J 
and a new Federal mobile*home standard. This kind of ^ . 
information ^is needed by fire departments and build- 
ing code officials, by government agencies and h\ the 
mobile home industry. 

The basic approach to this research involves {^J air 
movement, ignitior^ detection and .fire growth studies on 
used and new mobile homes and (b) labvratory tests on 
materials. Subsequent phases wiU address the contribution 
of furnishings and the effectiveness of Suppression systems 
on minimizing fire severity. Four moible homes will be 
included in this test program. 

In F^ 75, a series of air iftovement tests were performed 
to determine the significance of air flow patterns on 
potential fire growth. .-^ seri^ of 25^full scaii kitchen 
cabinet tests were conducted to ev^i^te^the potential fire 
hazards in the kitchen area and to develo p* ap^i opi iate * 
design rules to minimize these hazards. .\ series of 9 full ^ 
scale corridor tests were conducted to evaluate the relative 
performance of a \^nety of interior finish materials. The 
information provided by the testing In n»?5 was also trans- 
mitted to the Department of Housing and Urban Pevelop- 
ment (HUD) a|^nipu^ to the HUD effort to prepare a' 
national standard for mobile homes. 

The second project will define the fire exposure from 
the combustible contents of rooms*" in single-family 
dw^ngs"and mobile homes. Recent data is not available 
on the type and distribution of fire combustible coqtents 
in residences. .-Adequate evaluation of the effects of fire^pn 
the^buildings by fire protection engineers, Luildi;^ de- 
signers and code officials, is not possible? 

Information will be collected. by surveying the combus- 

* tiblefire loads in a statistical sampling of homes and apart- 
,^nients. and by using analytical methods to define the lim^t* 

of fire exposure due to the burning of'tfiese combustibles 
under a range of fire growth conditions. The assembled 
data will provide the fire load input to analytical models ©f 
fire grovsr-tb-and severity which will be use6 to generatWire 
exposure curves for residences and mobile homes. 



WIND FX>RCES O.N MOBILE HOMES 
Richard Marshall 

Structures^ Materials and Safety Dituion • 
^01-921^75 , ' 

Sponsor • Department of Housit<g and I rban 
Development * 



The project v^ill lead, to a better understanding of the 
\*ind characteristics^ at heights up to 10 meters and the 
relationship between these characteristics anj wind loads 
' Ofi mobile home structural components and anchoring s\>- 
ttMUs Task No 1 will invoKe the direct measurenit*nt of 
wind speeds, surface pressures, hft, drag and overtur/iing 
movements on a full-scale mobil.e home. Task No 2 will 
in%olve the study of load-deformation relationships and the ^ ' 
behavior of structural components at or nearultimate load 
capacitv b% applidatioil of srTTiulated wind for^^ss. 

'flie project will include both field and laboratory studies 
<A wind forces and the response of a full-scale mobile home 

iht-^r forrrs \ 3.6 m (12ft) x 20.3 m (60ft) unit will 
fulh instrumented to measure internal pressures, 
external surface pressures and certain racking deforma- * 
tions The unit <s rqounted on a rigid bed which can be 
rotated to alter the relative wind direction and wni.ch is 
fitted w:th sensors such that life, drag and o\erturning 
moment can be measured direct!) C2orrespondine meas- 
urements of the mean and nuciuaiing coqiponent? of the * 
oncoming, wind are also being measured * Detailed >tutjies 
of loa|l-deformation characteristics and performance of 
structural components at near ultimate load capacif) will 
be carried out in the NaiioDai Bureau of Standard? ^ 
structures laboratory using-hydraulic rams Jo appl\ loads 
which are similar in amplitude and frequenc) content to 
real loads assocfated with extreme wind^. Flnalh. the 
information collected from the<c studies will be \x^<^ to 
draft recommeodations for mobile home w^nd load desipi 
requirements. 



' STORI.NG THE DEPARTMENT OF 
HOtSLNG AND I RB.4N 
DE\ ELQPMENT^ DISASTEft MOBILE 
HOMES 

James Pieiert 

Office of Budding Standards and Codes 
Services '361 -92) -3 1 46 i 

Sponsor ' Department of Housing and I rban 
^ Development 



The (filter for Building Technology is proMdmg the 
Department of Housing and Urban Development (HLD) 
With recommendations on the most cost-effective method 
. of storing mobile homes at storage centers located around 
the United Slates for use as emergency temporary housing 
for victims of future natural disasters. HUD is now- 
storing 8300 mobile homes from thejHurricane .Agnes 
stockpife and th^y want to ensure that deterioration of 
thesc*units be kept to a minimum, along with storage and . 
upkeep co^s. Specific concerns are water penetration; 
rodent- dust and Insect penetration: in-transit damage; and 
humiditv damage. The project includes visits to mobile 
storage centers around the United States to evaluate pro- 
cedures an&to assist in the development of recommenda- 
tion? for alleviating the problem areas. 
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DURABILITY PREDICTION 
METHODOLOGY » ^ 

Larry Masters 

Structures, St^tenals and Safety Divisivn 
301-921^371 

Sponsor ' National Bureau of Standards 
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Durability is often the most important atftribute^^gquired . 
of a building component or material, but it is thr-most dif- 
ficult attribute to measure and predict on the basis of 
short-term tests. At presenr, short-term tests are seldom 
' satisfactory for predicting long-term performance. Thus, 
there is an urgent need to improve durability prediction 
techniques. ^ 

This research is aimed at developing durability Standards- 
' by improving the tephnolog)* of durability prediction of 
^ building components and materials. It involves the 
developing and applying a general methodology for 
durabilitv prediction* maintaining seven natural exposure 
stations, performing |ests to provide information about the 
relationships between the effects of natural" weathering and 
acceierated laboratory weathering, and performing a 
complementary program with the Canadian National Re- 
search Council (NRC) toJevelop inteiuiational standards 
for natural weathering of building materials. 

A general methodology for durability prediction was 
developed and is being improved by application and by 
participation of the .\merican Society for Testing and' 
Materials (.ASTM). The methodology provides the frame- 
wprk for both natural and accelerated tests performed at 
the Bureau and in'the complementary program with the 
.<^,^}SJiadiaH NRC^ The methodology will be submitted to 
^.^STM as a-recommehded practice, and its application will 
;provide informalion'afeout the relationships between the 
effticts of hatura^iind accelerated weathering. In the 
complementary program witK NRC, candidate materials 
proposed for use as standards for exposure to ultra-violet 
radiation and sunlight will be exposed on the I^EjBS and 
N^C outdoor exposure racks and in laboratory accelerated 
weathering equipment. Changes observed in the specimens 
in laboratory testes will be compared with those^obtained in • 
the field. In addition, the linearity of the responses to - 
radiation will be investigated in both sets'of specimens and^ 
the derived calibration curves compared* to establish which, 
» "if any, of the candidate materials are-suitable for use as 
radiation exposure standards. 



INORGANIC BUILDING 
MATERIALS 

/ arnes Cliftgn 

Structures, Materials and Safety Division 
301-92h^407 ' 
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In this project relationships are sought between in- 
service performance of inorganic building materials and 
their comppsition and structure. Knowledge of these 
relationships provides a basis for performance tests and 
criteria. ^These contribute to imprt^Ved effectiveness in the 
use of building materials. They also- aid in-making 
decisions about the substitution of materials. 

The porosities, phase compositions, mechanical prop- 
erties and durabilities of inorganic materials are determined 
using te(ihniques that^ include optical scanning electron^ 
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microscopy, mercury porosimefry, ferisile and compressive 
strength measurements, fracture mechanics, thermal ^ - 
analysis, andv X-ray diffraction. The durabilitie's of 
materials to freez^-thaw cycles, .to wetting^d. drying, and 
to temperature extremes are also investigated, 

In FY75, the following work was completed: (1) the 
mechanical properties and fracture mechanic properties 'of 
polymgr-impregnated mortars-Tvere compared with those 
properties of unimpregnated mortars; (2) the residual - 
porosities of polymer-impregnated hardened cement pastes 
and mortars were measured by mercury intrusiOfi and 
nitrogen condensation; (3) a study of the effect of the geo- 
metry, concentration, and fiber mateifial on the mechanical 
properties of fiber-reinforced morfars; (4) a manuscript on 
the performarice of concrete at high temperatures was pre- 
pared; and (5) the microstructure^ of hardened cement 
paste w^s investigated by scanning electron and optical 
microscopy. 

For FY76, the plans are as follows: (1) investigate the' 
effects of specimen size and temperature on the relation* 
sliip. between stress intensity and rate of crack growth for 
polymi?r-impregnated and unimpregnated hardened cement 
pastes, mortars ai\^ concretes; and (2) study th^ micro- 
structure of imp/egnated apd unimp'regnated hardened , 
cement pastes and-martars by mercury porosimetry and 
scanning electron and optical microscopy and relate micro- 
, structure to performance. 



ORGANIC COATI.NGS 

Paul Campbell 

Structures. Materials and Safety D^iiision 

Sponsors • Tn-Services Committee: 

.\\itis>nai Bureau of Standards 



.About S3.5 I)illion is spent annually on paints and 
allied products, but this represents^ only 20 percent of the 
total -amount spent each year on painting. The value of 
the paint is rarely as much as on'e percent of the value of 
the building or obje.ct being painted, yet marketability and 
subsequent maintenance is yeoendent on the performance 
of the coating. DuraBility and performance studies, test 
method development, and cooperative efforts with volun- 
tary standards organizations plky important roles im- 
proving coating^rformance and in reducing maintenance 
costs. 

Individual factors, such as humidity^, solar radiation, 
cor/osive environments, and jhermal shock, wBich affect 
the durability of exterior coatings on various substrates, 
' jvill be examined by. laboratory tests? Test methods will be 
' developed to determine performance characteristics that 
will be applicable to the Ame/ican Society for Testing and 
Materials .(ASJM) stanelard test methods; Federal Test 
•Methpd Slan3ard No. 141, an3 coatings specifications. 

In FY75, a study of the pe^fform'ance of exterior coating^ 
cofttaining non*mercurial fungicides was .completed. Pre- 
liminary studies on the effects of sulfur dioxide on main- 
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NONTOXIC YELLOW MARKING PAINT 

Paul Campbell ^ 
^'StructureK M aten ah ami Safety Divis(i)n - 
301-921 'U4l 

Sponsor - Department of Transportation 



te nance coatings were also completed. In cooperation with 
, \STM, tli(» Onter participated in the evaluation of test 
inetKods for gloss and reflectance measurements, stain 
removal, analysis of ht»avy metals in- low concentrations, . 
a/d standard atmosphere conditioning. 



Aversrve coatmgs that will discourage children from 
eating lead paiht flakes are being considered by the Depart- 
ment of Housing and Urban Development as a possible 
tletefent to tl)| ingestion of paint. Since litjie is kno^v7i 
about the abiKty of aversi^'e coatiags^to. retain their 
.deterent properties over long periods*|j( time, tests for the 

•durability of'aversive coatings must be developed arid ' 
a'pplied in their evaluation.^ 

For each aversKe coating^,selected for evafiiatioiu three 
main tasks will be carried out: the development of a suit- 
able analytical procedure for determining the quantities 

. -ot' the essenljal avers ive irigredients; a study of extraction 
procedures for the essential aversive materials iJ^ijig' 
laboratory samples contamfng knowrv^mounts of the 
matenal-v; ant^ an evaluation of its ahilitv \o h(» retained on 
laboratory-prepared painted surfaces after artificiaf 
weathering and repeate^i washing. 

^ntil recentiv* the most widely,;,used yellow paint pig- 
ment was lead chromate. ^ the restriction x)f lead pig- 
ments for use m buildm^s and the possibility that they will 
bo bannvd frorn use in highway markings, there is. a n^ni 
ttsideiitiTy ,and evaluate the performance of substitute 
) el low pigments. While the project is sp^f^fically con- 
cerned with non-Lead pigments for marking paints, the 
knowledge gained will prx^yide knowledge about noti* lead 
yellow pigments for use m paints and buildings. . 4 

In this project, mforination on non-lead yellow pig- 
ments and their use in paints'fias beeaobtained from the 
literature and from pigment and paint manu fact u rets. 
'*\farking paint formulations using non-lead pigm*ents are* 
being evaluated m the laboratory for_such properties as * 
^Jight fastness, hiding power, abrasion resistance^dhesion, . 
and durability. Painted specimens will alio be (ested* for 
r<!sistance to varioCi'^y^natic environment^ by exposure at 
outdoor exposurt? sites^ffd*for usefulness as markiwg : 
paints in fnJd tests on highvyays. "R^rformancV criterfcfor 
non-lead yellow^ marking paints, will be recpmmended'in 
the final repoii. • ' * 
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This project will evaluate new underground pipe s 
tfiat have not met the existing Tri-Services criteria tl 
pipe insulation be driable, drainable^ and air testable, 
evaluation objective is to determine if these non Tri* 
Sejrvices systems will stay dry under speciTied test 
tions, particular to each pipe system. 

The existing Tri-Services criteria are applicable on 
conduit system which has air space between the insu 
and the conduit. There are, however, many new unt 
ground systems, especially plastic pipe systems, whic 
not have the air space. The representations ^re that 
systems are so completely Water-tight that there is n( 
tor the requirement of drainabrhty^driability, and aii 
testability. Ft is in the interest of Tri-Services, as 
other government tigencies, to verify these claipis. 

' Each different ynderground pipe system requires 
ferent testing procedures. Appropriate tests wdl be 
vised for each selected pipe systt?m to see how reliab 
and to determine if the water, once brought in, can ( 
tively be removed by tlie ciFCj^Jaliorr of air or other 
gases. - 

Durmg this fiscal year, dynamic boiling tes^s on o le of 
non-Tri'Ser vices' s system^ were compji^^ fp clarify the 
-failure mechanism. Also completed were moisture migra 
tion tests of a chilled water pipe insulated by hydrop lobic 
powder. Thermal performance tests are in progress forua^ 
new, but non-air-testable, asbestos conduit~'§y§lem. 

In FY76, a facility to conduct boiling tests of calclunr- 
silicate insulation with new fibrous glass binders (instead 
of asbestos binders) is being constructed to lest ^eve al 
commercial pipe insulations. Dynamic "boiling tests (}n a 
new non-aipspace conduit sysu?m will be completed. 
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Plastic pipes are finding increasing use for transmi tmg 
natural gas, sewage, and steam • condensate at military 
installations. Lnfortunately, there have been 
failures of plastic pipe systems that have passed acce[ 
lf;st^.* Because many of the failures have been attribi 
to. faulty joinT construction, there is an important ne 
r<:hable, noibdestructive tests for jdihts in plastic 

Using plastic pipe joir\ts of varying quality prep^e 
^he laboratory, potential non-destructive test method' 
evaluated.for their ability to identify faults and for e. 
U5e. Non-destructive test methods investigated inclu|ied 
thermal conductivity and th'^rfnographic scanning 
niques 

Plastic pipe joints containing knywn flaws Jlvere pr 
pared. Two thermal methods were tested for their ab iHty 
to delect the flaws from loeal differences in surface 
tf-mperature when the pipes were heated internally w th * - 
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warm water. The ijcaiiiiiiig (ainera^ could (ietert ail the 
(laws but lu[m(l (TYS)tals oiilv dt'tt'ctt'd the largest oiits. 
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Premature failure of sealants in budduigb reMillb in 
^damaged ulterior aitd costly repairs and inainteiuiiK^e. ab 
well as loss) of heat. The need for durable sealants ib 
cntieal because of curtani wall designs, large ihiii panels, 
modular "constructioru and use of liigh expansivity 
^naterials The l^jr^c dijiieiusional changes that occur in 
b iildnfgSideniand better sealants. 

hi this project, the sponsor ib kept informed of tlie 
latest developmentb on bcalaiit test methods, specifications, 
and practices. Tins information is obtained, by laboratory 
aiitl field evaluatic^n of new ^jealants and by^ participation in 
bKin<lards-niaking organi/ations, e g., American Soc^ty for 
TebtHig and Materials (XSTM), Ameru an (loiicrete^ 
lubfilute. eU (looperatKHi wuii architect s',^(nernnient 
aj^encie^'-, producers, (>rganr/ation> iiuch as,the \dht*sivos 
and Nealants ('ounril. National IVuit and (loating^ -V^socia- 
(ions, uni\er^itie^» and f()reign groups relating to sealant 
restMr(^li i^ maintained; onsultation ib cnntinuou^K pro- 
vided toltli<? bpc'tubor 

In F\ .5, the^ Center completed the evaluation of several 
samples of the ne*w ± 50^^ class of sccjlants and recotn- 
n ended the inclusion of such a class in appropriate^'deral 
and AS'l'M bpecifications. A ^econd/draft of a Il]^om~ 
n^ended IVactice for Chemicalh (>ured Sealants wa^ com- 
pleted for ASTM ballot, A jlurd round-robin studv of Peel-. 
Adhesion tests and firs< (H-afts of revisions of Federal 
Specifications were also finished. ' 
^ The Center is performing the following during FT76: 
(Ifi revise and upgrade three 5-year old ASTM Standards 
oiAjonU sealants; (2) develop the ASTM Specification for 
chtVyically cu reel sealants to Feplacothe American National 
Standards Inshlute, fnc (3) expose sealants .to 

accelerated weattiernig STiTd^to natural exposure*. ] [) plan- 
f om[>lementarv prograj/! with file Nafional Kesear(4'i Council 
Division of Budding Hesearc)i, (Canada, 



\X'ater damage to milrtar) buihhng installations and to 
their contenls presents a contiiuyng problem. A manual 
e^tablisliing standard waterproofing practices will benefit 
ail military services by helping to ensifre the adoption of 
pro^T'prartices. "The nianu.al devtdoped under th.is pr()j(;c< 
/ill include sections'on envirortmeiital e\posure/tvpes of 
sVl/trate (including const/uction details), cla.sses of water- 
proofing pro(hicts' niet4i0(ls of surfacy preparajion and ^ 
Voatiiig application, a/K^j life- cycle costing Fclaled to the 
waterj)roofing of bui/dirigs, » ' . 
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Faced with evidence of serious stone deterioration in 
Instonc buildings, the National Park Service asked the 
Center to evaluate commercial stone preservatives and to 
d«ivelop pefformaiice criteria. The criteria will aid the 
selection of'materials for the preservation of national 
monuments. ' ' — — 

Fifty-seven recommended stone preservatives were 
collected and subjected to tests. The effects of heat, freez- 
ing and thawrtg^ water, ultraviolet radiation, s,att, and 
sulfurous acid solutions on preservative-treated stone were 
evaluated speciajiy constructed chambenand alsd in a 
series of separate tests. The results, iricludnig recom- 
mended criteria for selection of slone preservatives, will be 
published in a National Bureau of Standards Building 
Science Series report. * 



PERFORMANCE OF ROOFING 

Robert M?ithe\ 
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For over 70 vears, bituminous built-up roofing has been 
Specified bv prescriptive specifications. Little attention haS-_ 
been given- to the mechanical and physical prpperties of the 
membrane. Criteria are needed that quantitatively state 
y the level of membrane performance. Producers of roofing 
products also need criteria for the types of products they 
nianufacture. 

^Twenty performance characteristics of built-up rooCjj||^ 
membranes' were identified. The,y include tensik strength, 
coefficiont of thermal expansion, fle.xural strengths tensile 
* fatigue strength, fle.xural fatigue strength, moisture'expan- 
" bion.f^ffects of nioistyre on strength, shear strength 
(!u)ri/.ontal and vertical), impact resistance, notch tensile 
birength. creep, wind uplift resistance, weather test, fire 
r(;sistance, ply adhesion, permeability, abrasion resistance* 
•fungus resistance, tLiring, and pliability. *Test methods are 
being developed and applfed to the measurement of the 
' performance characf(»ri5tics t^iSt were identified. Contri- 
butions t<rthe development of standards and test methods 
are being made through p^ticipation in the 'American 
Society for Testing and Materials ,08 and E6 committees. 

Round-robin testirfg to measijfe tlu; coefficient of linear 
thermal expansion of roofing membranes has begun. A 
test method was developed to measure the water vdpor 
permeability of roofing mergbranes; laboratory te^sts are in 
progress.^ 



t EVALUATION OF EIJ^TOMERIC 
ROOFING 
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E last cm eric roofing materials are^being used in greater 
quantities because of economic considefttionfe, shortages of, 
conventional materials and the special requirement* of 
roofs such as domes, barrels, and 'h;^rbolic paraboloids. 
While' the perf*maiice of elastomtTic roofing may be as 
good as or better than conventional systems, there are 
essentially no criteria against which [^measure the per- , 
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foimance of this type of roofing systems.. 

n this project, the performance of elastomerlc roofing 
ma erials and systems is being Investigalted by field obser^ 
vat ions, disctmjons with material producers and a review 
of literature, the information obtained will be related to 
actiiaHmservice perforirianae sucbas tensile strength, 
extciffibility, adhesion to various substrates, strength of 
bonded joints, abrasion resistance, and effects of tempera- 
ture variation an^ weathering. Data and information 
obta ned from the field, literature studies, dnd'eohsulta; 
tion^ with materials producers will be used in the develop- 
menc of design, material, and construction guidelines and * 
"^preliminary performance criteria. ' ' ' • 

In this project, the viscosities of roofing asphalts now in 
use wlpre measured* at temperatures covering the range 
. normally used in roofing construction. Twenty roofing 
^Bphalts from vfSciolis crude oil sources were collected. 
The kiherfiatic visco^^ilies of the asphalts were mea^red at' 
.166"^6ie30 <^F), 193^^1380^^, aU 221 °C (430 °F). 

In addition, 43 three ply built-up membtanes were field 
constructed at known temperatures within the range 
163 °C (325i"F)JU) 260 °C (500 °F). The thickness of 
mterply asphalt m ^ach sample was measured. ' The re- 
lationship betweenWiscosity and.interply, thickness wiirbe 
dfscussedjn the fih^al report and a viscosity grading cri- 
terion wfir be propo*sed. The^report, for which ail data are 
now on hand, will be prepared as part of the "Performance 
of Roofing" project. 



This project is to complete a report on the field, sur^y 
of roofing at military installations for whicb^on-site rj^ 
insf)ections were made in previous years. The report will 
cover the condition of the roofs which were inspected, and 
make- recommendations for improvement of design, 
material and application specifications for roofing/ Con- 
sultation will be provided to the U.S. Army, at Their 
•request, -for the purpose of solving roofing problems. The 
consultation >vill include field inspections of roofs and 
laboratory tests as needed to provide recommendations for 
/[roper repair,,jeplacemeni, and/or selection-of roofing 
^^t^nis. ' * J ' 

.Fiber-reinforced polynj^er-impregnated mortars and con- 
cretes We'new types of building materials that have great 
promise. Because o(j\\e{r anticipated strength and tough-' 
ness, it $hoyld be possible to use them in prefabricated! ^ 
roofand wall elements and other structural components^ 
single^farfiil^r dwellings and larger Buildings. -Flowever, per- 
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fonnanoe -criteria yruist be established before these^ - 
materialssxaii be widely used in' building constfuctron. 
This project will contribute to the krfowledge required to 
establish porformance criteria. 

The flex])iral an^ compressive strengths of control 
mortifrs, fiber-iein^orced mortars, and polymer-impreg- 
nated; fiber-reinforced mortars have beeh measured and 
the correspondingf load-deformation curves recorded. The 
fibers used have included chpppe^d steel|and glass ro|^jng|. 
In the 'case%f ch^ped steel, the*fiber T^ariables My^ been 
length, cross-sectional shape, and tensile strength;^ 
At given volume concei^ations of fibers, the results have 
sho^n markeddifferences in behavior attributable to dif- 
ferences in fiber-batrix bond strength, fiber tensile 
strength, and fibjer length. The importance of fiber tensile 
strength has been apparent in polymer-impregnated speci- 
meas wherV^he iond strengths have been sufficiently high 
to prevent fiber ''pull-out from the matrix during fracture. • 
The project is being completed with measurements of the 
bond between the matrix and individual fibers. 

*^Because concrete is one of the nation s most - ^ 
important structural materials, there is a need for rcKable 
techniques for inspection of concrete at all ages, both to 
expedite construction and to protect the public. The 
present rang^ of techniques for inspection of concrete is 
inadequate' to meet the needs- of inspectors, which are 
-growing with the increasii^gly_c;*itical demands miide upon 
concrete in high-rise buildings and nuplear pow^r plants. 
There^s a need for critical evaluation of the existing tech- 
niques -and for the development of performance standards 
for- new techniques. " 

The literature and other sources opinformatiori on non- 
destructive evaluation (NDE) of cplicrete have been 
critically reviewed. Individuals, research institutes, and 
standards organizations will be contacted. The adequacy 
of current information *on the available methods will be 

assessed and rdfeearch needs related to the ND£ of concrete 

■>^^^ 

identified. * ' ^ 



Metairand alloys are important constituents oPalmost 
all striJ^ureS (eTg., pipe, electrical wiring, reinforcing ' 
bars, steel beams, roofing, siding,^. etc). However, the cor- 
rosion of metals an^alloys is a .maJmLpjCohlem and the 
estimated annuaWoSs attribSted to corrosion amounts to ^ 
several billions of dollars. ~ Z 3(f 

In 'this project, the p^tectiv^'properties of organic and- 
metallic coatings on metallic substrates are being as$(?ssed. 
Technical methods are being used to measure rates^of cor- 
rosion, the nature of thtj interface between the sUbstrate 



The Center for Building 1 ec)inology (CBTJ will identify 
the properties of urea-formaldehyde foam that affect its 
performance lis thermal and sound m*sulation, and evaluate 
exLStmg test metliods to measure tlie^e properties, lest 
tnethods such as air sauiphng and analysis after installation 
are to he identified and examined^ CBT will prepare guide- 
lines for the evaluation and use of foain insulation that 
will incliidp recommended levels of performance of this 
material.' The guidelines will also incline suggested form- 
ulatiorvs of the urea-fch^aldehydellQam, -application , 
i methods, curing techjjiii^ife^nd area^ of^application. < 
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The use of a durable flooring s\sler|l in the high traffic 
-areas of public housing offers great potential sayings. A 
rieW water-thinned polyu ret bane flooring system is claimed 
to be a durable high performance system, easily cleaned, 
and easily applied and resurfaced. .'\l$o, tjie hazards of 
toxic solvents and monomer are eliminated. The simplicity 
and reduced hazard of the system offer iTotential ad van - 
lagcs for application in tenant self-help programs^ H6w- 
ever, because the system is ritfw, its performance char- 
acteristics need to b(^ determined. 

In this project, both laboratory testing and field 
demonstrations provide the basis for evaluation and foi* 
recommendation of a performance specification. Labora- ♦ 
tory testing has included abi'asion resistance, acceferated 
aging, and comparison of the performance with that of 
other flooring systems. Field demonstration tests are being 
coordinated by the Center personnel. 

In Pli'TS, substrates were obtained aridjprepared for 
application of the system. \ format^a^devised for 
monitoring the application and performance in^Mch of the 
10 Department of Housing and lJrf)an Development ♦ 
^ regions. The application of the system*^at the selected sites 
was carried 5ut and the performance is now* being 
monitored. * • 
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The National Park Service (NPS) has>responsibility for 
the preservation of many historic adobe structures. In 
deciding on the appropriate preservation action for an\ 
adobe strucluVe, NPS needs information on the composi- 
tion and phyMcal projHjrties of adobes, the responses of 
adobes to environment exposurch, and methods for stabilize 
ing adobe structures. *■ • 

In tins project, the adecpiacy of current niformation .^^^ 
the prope*ties of adobe is being determined and research ^ ^ 
needs related to the preservation of adoljf are being 
identified.^ Tlns^UOalysis will lead to a reseurch program to 
characterize tjie important properties of ^idobe. 
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PART-LOAD HEATING, VflNtlLATING. 
AND AlR-CO.'VDItlONING EQCIPMENT^ 

George Kelly ' 

Building En vironm en t Di vision * 301-921 -352 1 , 
Sponsor ' National Bureau of Standards * ''^ 



W-rfh this project, the Center for Building Technolog)* 
(CBT) is*3eveloping te^t methods support of consensus 
standards for part -load^testing and rating of unilary heat 
pumps, air-conditioners* and heat plants for residences and. 
small buildings. * . ^ ^ 

\t present. l1ie heatmg. ventilating, and air-conditioning 
industry equipment performance ralir^gs are based on 
steady-state test methods. This has led to a continuing 
dilute on the actual field'^'p^ormaRce of heating/' coo ling 
equipment. Ultimately, laboratory methods that more 
closel)' simulate field performance will be necessary if- 
manufacturers are 40 accurately rate their equipment under 
part-load operation. Part-load ratings will in turn allow » 
designers to use the most energ)' effective equipment and 
to design m(3re effi(:ient heating, ventilating, and air-condi^ 
tioning systetns. 

During FTTo, test rigs were constructed for boilers and 
air-lo-air heat pumps.^and now data are being obtained. A 
paper was published on gas-fired boilers and another is 
being prepared f>n heal pumps. Pan -load operation was 
shown to bave a very detrimental effect on the perform- 
ance of gas fired boilers and heal pumps operated in the* 
cooling mode. The performance of heat pumps providing 
heating was found to be most affected by ice-build-up on 
the outdoor coil and defrosting, although operation at part- 
load in the fton-frostiiig region also tended to looser the heaf 
pump*s performance. - . * . s 

During n'76, CST continued collecting data on gas-fired 
boilers and air-to-air heat plumps. Theoretical models of 
fossil fuel heating plants and' heat pumps are> being studied. 
Contacts are being made with industryand the appropriate 
standards-writing organizations concerning a joint effort at 
developing a better* performance standard for gas-fired 
boilers and heat pumps. ork'has started on documenting 
the effect of part-load operation- on other heatmg,* ventilat- 
ing and air-conditioning equipment, such as oil-fired 
furnaces and boilersV gas-fired furnaces, and 'chillers. 
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Thcf study will determine the part-load and sea^nal ^ 
performanc*e of electrical heat pumps by testing one ^ *. 
eleetric motor*d>iven beat pump in the fiefd and another 
in the laboratory. The Center also will evaluate the 
potential for using engines to driv^heat pumps. -^^ 

Data were collected during the summer of 1974 and the 
winter of 1974-75 on the dynamic perforpiance of the heat- 
pump during' tests I<f determine the^cooJing tind heating 
re'^]uirements of a't^ house. Thesedata^eem to-indicate 
that considerable energy savings ^may be possible. *The ^ 
CeHler, through monitoring ac'fivities, documented the per- 
formance .of the test house heat pump during the 75-763ea^t 



^a>on. Ati ckrtnc moior'dirveii heat pump and an 
en^intMlnveii heal pump will he studied in the laboratory 
under carefulU controlletl londition^. This will allow , for a 
iiuieh more rigorous evaluation than is possible under field 
r()ndjtion>. , . 
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A TECHNICAL CONFERENCE ON THtT 
IMPROVEMENT OF HEATING. 
VENTILATING. AND AIR- 
CONDITION LNG EQUIPMENT ^ 
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This project will identifv areas of research and develop- 
ment in the oil heating field which have the best potential 
for improving the ulihzation of fuel oij^It will rank these ^ 
areas according to^how rapidlv'the) contriBule to energy 
conservation (iirjmediat'e, short term, long term, etc.), ** 
e^-timate the chance of su^ces^fully Completing a r<*search 
and development program in each area, and determine th^ * 
amount of funding needed for these programs. 

A teehnical panel consisting of personnel from the 
National Bureau of Standards (NBS). National Oil Fuel 
Institute, the oil md^strv . universities, and a fuel oil 
dealership will conduct the research. NBS personnej yd! . 
evaluate pro,posed research projects m t^e mo^^t promising 
areas. In carrying out this evaluation, the ad\ice of 
\arious pnel members and experts in ihe. field will Ik;, 
solicited. ^ 



The project organized and presented a teclinuatron- 
ference jointlv managed by th^ National Bureau of 
Standards and Purdue University. The goak of the con ' 
ference were to exchange. and document concepts and 
agplicafions that qcax lead to a reduction, and understanding 
of the energy used in air-conditioning and heating rn com* 
mercial and industrial buildings. The objectives also'were 
to provide leadership and stifRulatipn ifitequipment and 
system design, analysis of Bystditi performSnfce. and energy 
cont^ervation potentials. J 

' Papers that deal wiih current practices Jeading to a 
minimization of energy consumption w^re included. The 
sessions were prilnarily intended^for engineers responsible 
for component design and manufacture, system design and 
selection, and^building operation. ^ 
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iNNw;\TivE eleci;ric wiring 

SYSTEMS 

William Mecse ^ • 
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* • Fir'e safely, Ipiig life reqiuremeiits, codes and ol4ier 
mshUihoiial constraints, and a lack of tecfiiiicai data based 
on -performance, liave led to slowly changing regulations 
concerning electrical connections in residential Lranch 
circuitsi 'Innovations involving electrical connections . 
could#lead to significant advancements and lower costs in 
liousing construction if safety and functional re(|Uirenients 
could be satisfied. Laboratory investigations are needed to 
detoriuine -failure meclianisms of electrical connections so 

• 9 

"that meaningful performance criteria and t-e^t metlibds can 
be estal)lisfied. . 

I'hV approalfi to: .(D^b.tain and analyze current lecli- 
nol()g\ . wiclu(iHig cod(^HR([ier^>nstituiional constraintb. 
' (2) de\"elop preliniinar7*perfonnaace criteria aifd'tcbt 
methods. and identif>^re>ear^fi ne^is. (3) detei*nriine fiow - 
electrical connection^ fail under Minulated "real world"^ 
(ondition?. (I) de\(»l()p tecfiincal needed in the e/alua- 
lioirol electrical d unne(■t^(^n^. aiid (5) 'de\elop aiul pnf)hsfi 
criteria a/id te^t inetfiod> for tfie e\aluation of iHiKv^ative 
electrj<"al connection^, 

FV76 plans are to continue to develop data in\;()lving 
o\erheating failure mecfianisms and to continu<Mo develop 
otfie^ tecfinical data, including an improve(3 metfiod to 
^measure connection qziality. ^D<>velopmen^of criteria an*l 
test methods wijf be undertaken and testmg m accordance 
•with tfie criteria will be performed. Unexpected J^ntativ^e 
results mdicate tfiat innovative connectors developed and 
under developntent by industry appear to not only provide 
significant 'cost savings, but also provide superior char- ' , 
act eristics relative to physical and durabilit^v requirements. 

In this projectv performance standards ^"nd te^t methods^ 
for non-nietallic sfiealfied electrical residential brancTi;^ • 
circuit wiring are being developed. Extensive new restric- 
tions have be*efi placed, on tfie use of such cable (i^me.x) 
by the 1.975 National Electric Code^ The lack of a^ro- ■ 
priate technical* data on wliich to base these restriotions 
and the rcbuftant increase in tfie costs of fiouMiig fjiave 
' '* illusffated the need for obJecliVeTftisSarclF^Tlat^^^ 
cable, whicfi'fias be^n extensi\*eiy used for -aerospa^re 
purposes, promises to bring ecbnomieij to residential 
branch circuitsjf appropriate National*Electrical Code 
'/expectations'' can be satisfied. . . 

The approach to t;(iis project is to (I)' obtain and analyze 
bases for the National fllectrical Code» restrictions on nonv 
metallic sheathed cabljand oktain and analyze any appli- 
cajble technical data and institution^ restraints on CQnven- 
^tional and/innovative branch-circuit electrical systems; 
(2) develop and perform laboratory and field inve^itigations^ 
to obtain data for the evaluation of^such electrical systems, 
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^including data on failure mechanisms; (3) develop and 
publish criteria and te$t methods /(or the evajDation of 
conventional and innovative eleqlrical branch circuit 
wiring systems. ^ 

Last year, a preliminary study of flat conductor cable 
for residential wiring systems, including jntormation on a 
prototype installation in Yonkers( New York, was made. 

This year, the Center is determining-areas \yhere data 
are needed. Literature <eviews and laboratory investiga- 
tions in areas where it is know'a that technical data are 
needed (such as cause, spreadVand effects of fires in 
branch circuits) will simultaneoiSly proceed. 

Quality .of electrkal ser)^e^ affect^lhe operation and 
durability of electrical an4' electronic appliances and other 
equipment. Representative datKon variation from standard 
ectrical service characteristics aje needed, to establish 
lements of design requirements For electrical and^lec- 
tronic equipment in buildings. The lifetime of equipment 
«iay be'improved by development of improved control and 
better regulated supply at the building service entrance." 

A spinoff of the National "Aeronautics and Space Admin- 
istration's' spacecraft flat-conductor wiring to building 
electrical cirx^uit servic^is sponsored by the Technology 
Transfer Office. Economical installations are potentially 
greaf, particularly in retrofits. 

.Instrumentation was rented and^reliminary field, 
measurements ^were made. Even though enough measure^ 
ments have n(/t been taken to be statistically valid, the 
number of loi^^-voltage transient events indicate a need for 
in-depth studies. It has bejin determined that some low- 
voltage events arc caused by the irregular demands of elec- 
trical eqi^jjpment in^the building. Also, a flat conductor 
report^ was completed on a'field instantiation in'Yonkers, 
Nevv York. 
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Alurninum wiring in branch-circuit electrical systems of 
' homes and other buHdings on military bas^s has been 
increasing sincc:thi^ftii(i?'1960's. Recently, overheated 
receptacles and ^itShes^hav^ been reported in mahy build- 
ings. There is co'ncern that overheatec^ devices could pre- 
I Sent a fire hazard. Studies of aluminum wiring on military 
bases are needed to identify mechanisms by which ..over- , 

heatingfiiiight pccur, and to develop recommendations to 

'ensure the connections to aluminuFQ will nof overheali 
Iir this project, military bases having aluminum elcc* . 
|| ' trical wiring ^ire being identified a'nd the wiring at selected 
bases IS being inspected, ffiforniation obtained from the 
inspeAions^'NWII be used to hypothesize faituVe mechanisms ^ 
* and. to design laboratory e;Jperiments to v^gfify^e^ech- 
anisms. ^ 
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Public housing iisually a disproportionate share of 
elderly and'very young residents. Adequate, w^ll-desjgned, 
and economical lieating systertif have a direct bearing on 
their. heahh and comfort. A novel approach to heating is 
to provide radiant heat by electrical resistance heaters 
embedded in, or beneath, seamless ^floors.. 

This study will include a literature s^rvjey on the feasi- 
bility of tlie radians-panel seamless flooring system,' pre- 
paration of a small-scale laboratory heating system,- evallia- 
tion of the system, identification of the heating compon- 
'ents and flooring systems for use in a ^radianl/h eating 
system* and recommendafiiJns for future research, such as 
human response factors or life-dycle costing. 

Literature on both radiant heating elements and $)eam- 
^ less flooring systems has-been reviewied. Nineteen flooring 
system*s have been ob'tSined and performance testing^of th^' 
syst<fms has b^^ carried out. . 
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* As direcled b) Congress, the Consumer Product Safety. 
Corpmission ha? the responsibility for a program of energy 
labeling for major IvpUsehdd- appliaiTOs. ^he, effectiveness 
of this labeling 'depends on the establishment of realistic 
test procedures for determining, efficient At present^ 
there are insufficient data on actual us^k of household 
appliances to determine if the proposedjes^ method^ 
reflect the actual operational characteristics. 

In this project, tj^^nstrumentation^data analysis, 
schemes, and*field methods developed ia the. other Center 
■projepts "Measitrement TechnOlog)'' and "Utility Load ? 
wkasuremer;t'' are being used to determine the energy- per- 

• formance of household appliances. Instrumentation pack- 
ages for monitoring appliance usage in a sample of dwell- 
ings are b(ting. assembled and deployed. 

, Two instrumentation packages for monitoring the energy* 
u^age patterns of hous*ehold appliance^ have been , 
assembled and are beit^g installed ii\ residences at Twin 
RiVers,- New Jersey. Data havfe been gathered on the itsage 
of jnecgy in "a single ri^sidence in^rder Xo check the instru- 
mentation ^ch^irtte and providcTpreliminary data. The 
rnstrumentation developed dur[pg.FY75 is being used/to 
monTbor tlu^ energy usage of household appliances in eight 
r^idences at Twin Rivers (four of which have Electric 
appliances, four of whi(;h have gas appliances). Represent- 
al'ivfi periods of- usage will be chosen for each season of . 
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The purpose of this project is improve building cocle 
provisions regarding wind effects on buildings and other 

.structures. Recent trends in design philosophy, use of new ' 
materials,* and innovative construction details Ijave led^to 

^structures with an^ipcreased sensitivity to wind effects. As 
S-t'tTclarial of the Anioric^in National Standards Institute, 
Inc. Coniinittee A58.1, the Center has a vital interest in 
the development of suitable criterih^to ensure the design^f. 
buijdings that Will perform satisfactorily under wind cond^ 
lions_ likejy to occur during the anticipated'life of the 
structure. ' , --^ ♦ 

The project involv^^the use of experimental data cur- » 

*rently avaijable arid the collection of Jidditionardata, either 
by the use of wind tunnel modeling or by direct measure- * 
ment of structures in service. Along wHfi this, theoretical 
models will be developed and checked, against ^experimental 
results, .^mong other outputs of this project are: publica- 
tion of a rejjort The Buffeting: of Tall Structures by * 
Strong Wjnds; publication oi Equivalent Static Wind 
Loads for Tall Building Design, 4Ui W;orld Conference on 
Wind Effects^ .on .Buildings^ September, J^5; publication 
of Probnbalistie '^lo<lels of Extreiiie ll' infl Spei'd^' Vn- 
certainties and EimitgXions, 4th World dlonference on 
Wind- Effects oip Buildings, SeptembeiJ975; publication of 
Engineering Aspects of Cyclone Tracy, National Academy of 
p]ngine,ernigTlep<3rt;*and 'publication ofM^mrf Pressure on 
Single-Family iDtvellihgs. ^- , 



: The re;5earcira(ldresses develo'^gum proved design 
.critertrf for- lp>?^i|ost/ low-rise building's To-'better resist ^ 
■,exfreige winifbr Existing^criteria for wind-loads do not 
aTfei{^t^lj^rovide;fe^ steady and.fluctuiiting wind' pres- 
sures along ^thf- edges "of roofi^gjld. walls where separated 
■ flows occur. Ex-jreme sjiiction* pressures in t-hese cegions 




' are-one of the primary contributors^ to buildmg damage' 
^Thus, such.fesearch* can result -in siAstantahl benefits both 

* 'in ihe U.S. tind in other high-wind areas^ ^ 

^ Jihisfproject analyses wind loaduig.^.on a g|uiple 
of six low-ri^e Jkiildmgs ai three j^tatistically iiWependent 
test sites in the fMiilippines, *Wind tuhnei modeling of the 
si^^^tcst buildings is being performed, with ttie appropriate 

* ^correlation .^naly.'jis; Cliitiatological, ijocial and housing 
informati9JNalso arfi being analyzed. 

The foflowlng activities were completed in FY75: (1) 
"instrumented tfie remaining two-of the six Pltilippine test^ 
honses;' (2) v»alidatecl wind-tunnel modeli'hg techniques to 
-simulate? natural s(ir/ace.w.inds..with represeatative rqeas- 
. -'urements obtained froin^'fjjU-^ale'^building^ (3) analyzed " 
1 jyvi nd and' ftressun^ djft a o^i Hut six f iifl^Gale'test; bul Id i ngs ; 
ct( 4) developed extreme wmd-distFiBlilions for tlu? Pliihppin 
(§) rnoiijtore(l..thc»-prpgr^s of the^Burean.ti.£i,',|(jj'Pilipjno 



es; 




technicians; (6) conducted a wind tunnel modej^udy of 

a Republic of Philippine-United States school building and ^ 

prepared reports on test results. ^ _ < 

Th^ FY7 6 plan s are for the following: (1) continuation 
of full-scale test prograirt at the three field-test sites 
through December of 1975 (end of typhoon season); (2) 
reduction and analysis of full-scale data; (3) linlit'ed invest'^ 
tigation of wind tunnel models to liid in tfie interpretation 
and extension of /ull-scale test results; (4) incorporation of ^ 
field data and si^equent*JaboratQr.y .test Jata as a result of 
damage to Darwin, Australia, due to Cyclone T^cy; (5) ' 
refinemenl of wind load crffctia; and (6) regional .seminar 
% Kingston, Jamaica, November 1975. 
JlLast year, aJ5-minute color-sound film was produced on 
the effect of winds on str^uctures; it ha$ been shown to a 
number of inlefnational aiidiences. Also, consumer* 
oriented versions, of all the report s pre pared for th^5 pro- 
ject will be published for world-wide distributipn, 
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The existence of the standard. Building Code Require- 
ments for MirHmum Design Loads in Buildings and Other 
Structures, over the past fifty years has, demonstrated the ^ 
need for a consistent nation-wicte standard for loads on 
building^btnictures. The use of this standard has to be ^ 
I further encoy raged because the mod^l gilding codes are 
- not consistent with^respect to loadings on building 
' fi^tructures. , » ^ ^ 

li is i)bvious-ihat a consistent set of desigri- loads should 
be used and that a particular structure in a particular geo- 
graphical -location should^have the same load on it regard- 
less of which jcodyis applied. This is, not t<he case now. A ' 
primary, problem that the commrttee is dr-refctly a^dressitig 
IS the confusion in the use of load factor design, whi^ has 
resulted in different load factors being used for'ste^ ar^ 
concrete structures. " ' " - , . t j 

As a result, this project if to support the adminis^fralj^ir 
' operations of the Secretariat^f the America"VuNational 
Standards Institute, Inc. (AN^) CommTttee A58^Building 
Code Requirements for Miniinum Design Loads in Build- 
. ings and Other Structures.' This Secretariat also includes 
'\the USA Technical Advisory Group Administration for the 
International Organization for Standards Committee TC-98 
. Bases for the Design of Structures. The Sectetarjat re- 
^sponsibilities will be /nainfenance of»the currentotandard, 
*ANSI A58. 1-1972; formulation, organization, and coor3ma- 
tion of the A58 C<^nimittee; and coordination of^revisions 
<o thaxurr'ent standard,A58.lV9t2. - ^ 
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Thcrre is" a growing interest on the part of the engi- 
• neermg profession in the use of probabilistic methods in ^ 
developing design-criteria. The central role played by the 
■ Center in-standards development necessitates a program in 
strucUiral reliability. ^ . ^ 

The purpose of thi*^ project is to develop a methodology 
to facilitate and systematize the^election of desigrr criteria. 
The procedures will explicitly reflect design uncertainties, 
*risks; and Consequences of failure, and provide an im- 
proved basis for evaluating design alternatives with regard 
to strength and servjceabilit5'. The cort^pts will be 
demonstrated with a case' study employingjrealistic data on 
"loads and properties of rnaterials. » A* 

i 

The American National Standards Institute, Inc. Stand- 
ard A56, for foundations and excavations, \vill be replaced 
by a performance standard prepared under an American 
Society of Civil Engineers (ASCE) standards committee. 
The standard will be prepared undaMlie directio^ of the 
recently appointed ASCE Commitiee 3C Found onions' and 
Excavations. The technical wojrlc'hecessary to. prepare a 
draft standard is funded by the Department of Housfng' - 
and Urban D^elopment (HUD). The funds under tins' ' 
^~projec% will bmsed for ^(Imunsjrative support associafcd 
.with th'o ASCE Committee work.' This committee support 
will continue* beyond the duration of the HUD projtc^ 
-^-until all ballqting is coinpleVi: and llie standard is ready •« 
-for publication^* and probably beyond this time for the 
' review of feedbaclcTroin the application of the standard. 

The annual loss in the U.S. by foundation distress and 
^oR stability failure is estimated to exceed S3 billion. As a 
result of iixG energy crisis, subsurface exploration will<;J^e 
conducted on a large scale and the consti\iction of mass 
. transporfetJon sys^ms will be stepped up irf many metro- 
tpolitan arcT^ There v?ill also be a significant increase in 
/.* fetrij) miniilg anrf deep mining, sometimes aldjacent to, or 
under, settled age^s. * Substjrfacfe exploration requices new 
and mQfe sophisticated measurement techniques. Mass x 
: trarisf^riatlon projects* involve excavation,- dewdtering and 
, pileUriving,-lK\i3^'erfdangering adjaceiit buildings and ♦ 
activrties: Deep mining causes subsidence and strip mining 
- cro^te/sl^e stability and re^grading ^problems. All these f 
problems are within the-geotechnical domain. - ' 

^' : '^his project will look at the ovei'all problem's, the role of 
rvitfiousVhQr- Federal agencies jn thi^ field, and the 
"riational needs,* to dejeriiiine the proper role of the ^ 
^ ^ National Bureau of Standards (NBS). Yhis effort, will pro-, 
vide mucf^peeded direction and insure that the overall 

' " r-*^-^- : ... 
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NB5 program in-4he geotechnical area is consistent with 
the>NBS mission and adequately responds to national 
needs. >, * * , ^ 

In^additicm-lOkdeveloping'an overall research program in 
geotechnicyil engineeriTig/a tnovf specific study is under- 
way: the measurement of the oi^fect of excavations on 
adjacent -^'tructures and in situ measurement of soil / 
proiterticL ^ ^ 
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As a result of the energy crisis, increasing land will be 
sUbjecfed to urfdergroiind and strip mining. In spite of the 
environnient'al degradation in these^reas, rising land 
values will create increasing pressu^tou^NiiJj^JgndJ^ 
residences.' The resulting problems are subsidence ana 
collapse of supporting soil, erosion, disrupted drainage 
patterns,- contamination of surface waters, and slope 

' stability. There is a need to investigate these problems to 
provide adequate gujjiance fpr future Department of 
Housing and Urban Development (HUD) fJoltcies. 

This project will assemble information on the extent of 
residential areas affected by subsfden^e problem^n Uie ' 
U,S.uand assess th*e probable dimensions of the problem in 
the future. localities no'^ affected will be*visited to gain 

— annntitefStaTlSng Qf*the need for desi^r provision and (Toxte 
- regulation, and to &tud^ the technical detaik of the prob' 
lems \*hich were conducted in Wilkes Barre, Pa. The 
Center proposal will, he {>repared for HUD for the prepar^j- 
tion of performance and design criteria, practice standards, 
^nd perhaps a^catalogue of acceptable design solutions. 
' In FT75, a field examination of mine subsidence prob- 
Iem6*was conducted in Wilk^s-Barre, Pa. The Center con- 
ducted detailed jeview witKHUD and their consultants to 
define* areas of priority. . ^ 
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CurTfei^f design assumptions rely very little on th^ resist- 
ance of thK concrete or the resistance contributed by the ** 
interactioi) the concrete ^nd the reinforcing stee{. XbJs 
research project will study -the possible improvement of 
design methods by evaluating^the applicability of the inter- 
face shear transfer n^echanism for the desigitoCthe con- 
tainment building. Research data obtained on the shear 
transfer mechanism, ap^also applicable to other building, 
types constructed of reinforced concrete. * 

The containment building of a nuclear ceactor for many, 
nuclear power plants is currently reinforced concrete con- 
sist^ng of a system of orthogonal and diagonal reinfprce- 
ment in each face of the wall. Large reinforcing bars and 
high percentages of reinforcing st^el are used> Current 
design assumptions rely heavily upon the resistance^of the 
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reinforcing s\ee\ and very^little on the resistance of the 
concrete or. the'resistance contributed by tlie interaction of 
the concrete and the reinforcing steel. The mechanism of 
interface shear transfer may provide a rationale by which 
these effects can be taken fnto consideration in the design ^ 
of the containment building. Improvement of design 
criteria could result in substantial savings of reinforcing 
steel. 

Stress or deformation fields and the resulting mech- - 
anisms. that will be studied in this research occur to some" 
extent on all reinforced concrete building^structures-v ♦ 
especially when they aye subjected to seismic loading,^ 
Thus, results from. this research will not only be appli- 
cable tathe reinforced concrete containment gilding of 
nuclear *powerplants but also to the walls, beams, fool-* 
ings and pil<^ps in^other t^pes of buil Jing structures. 
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A cooperative program otxesearch between industry and 
government has been establishe^l by the Center toMmprove 
trtie design of masonry structures 'in* seismic regions. This 
ptoject*responds to tK^ need for more information on the 
response of masonry siructfires 4o qarthquake loads, to 
develop design criteria similar to tht)se now used for steel 
and ^concrete construction. . ^ ^ 

This project has three phases/ Phase I: A study to com- 
pare existingv^standards, codes, and informal design prac- 
tices with the state of the^a^rt, to compile test information, 
and to^ identify information that vyill require additional 
research. Phase'II: A test program', designed to develop 
information on strength, stiffness, and 'ductility of shear- 
walls, to developnests capable of measuring these proper- 
ties, and to evaluate the performance of various design • 
•details. Vhase HI: The synthesis of results and develop- 
ment of desigri criteria. 

Compared with those of other construction nfi^erials, 
design standards for masonry are lagging. Becausf of 
industry fragmentation, there .is'ahso no overall consistt5nt 
. approach to masonry design, encompassing brick, concrete 
block., coi^osite constru^on, and other types of masonry 
Besides tflie need for desipi standards for **engineered 
masofiry," it is also necessary to preserve and revise the 
present empirical standard, since the majority of masortry 
QOnstruction consists of projects for which the masonry 
^ Ts not designed by professional engineers. Damage to 
masonry constriction recerlijily observed -in the Wash- - 
ington, D.C. area after a rather mWerate storm under- . 
^^I^res this need. ' ' ^ 

- Under this project, an empirical standard wiin)e pre- 

^ ' m ■ ^ ^ 
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pared under the America National Standards Institute, 
Inc. Stanclard A4I.L feeginrting with the work accom-, 
pHshed in FTTS, a>lraft document waj pi'ej^red by t^ 
Center's s^aff andjitft before the drafting committee*fDr" 
approval. This draft will then be reviewed'and^ut out for 
ballot t9 the A41 Committee. 



^ MODEL STUDY OF^ PARKING 
GARACk COLLAPSE . 

» Edgar Leyendecker 
Structures, Materials and Safety Division 
301-921-3475 ' - ^ 



Sponsor ' National Bureau of St^indards • 



'*0 



'ft 




AIR FORCE MOBILE SHELTElJs 

Jam^Shaver 

Structures, Materials andtafety Division , 
301'92I-3475 ' * ^\ 

Sponsor ' Departifient of the Air Force 



CInbouded post-tens^oned concrete^is a relatively new 
^ type of construction that^is being wk)«ly used because of 
economy. However, because of its newness, there'is1|gLa* 
wide technical \>asG for'currcpt design and constructiorN • ^ 
•standaAfls. Thusy the recent catastrophic collapse in 
i" Fairfax Cdunty^ Va. of a parkin^arage usipg this type of 
construction has raised a fundamental que^ion/Within the " 
engineering design profession, "ITi3 the garage collapse 
6cci;r simply because the structure Was overloaded,, or did' 
\ the collapse occur because of some unknown weakness in 
design standards governing. unbtmded post-fensioned con- 
's, struction?" The answer U> this, question can.have a^sfg- 
nificant impact on codes agd ^andards. 
'* * ^^An experimental investigation is being con'ducted using 
direct structural liflodel testing. .The d*irect structural 
model is essentiaUx ^ tfue-to-scate anafogue computer for ' 
the direct solution of an actual structural system. This 
type of model emphasizes agreement between prbtotype anci 
model physicalecharacteristics and boundarf conditions. 
The mqdej may te Used to document ela^tic^ inelastic, and 
h ultimate load'behavior. ' • , ' 

In FY75, a "calibration"'" model SS-i, consisting of an . 
isolate^ column whh a surrounding ^labseptor ar)d 
''strif)'* model, consisting of a* one-panel by four- 
panel section wer6 fabricated and testejt.to ^lure. 'Data 
.^f«^dyction for th^vo models^was started. Fabrication of a* 
^ "segment*' model, $S-3> tentatively cbnsistihg ofa four- 
^panel by four-panersection,was begun. « 

Eot FY76,'^aata md&ctiorr for mgdels SS-i* and SS-2 will 
be completed 'prior lo a deci^on on the actuy^ze df the 
segment model. Arj^lysis of the .dat^i will dicfflfe the actual 
^ siz^ of model SS-J. 'Model SS-3 will be tested under j' # 
varicftis elastic dnd inelastic loading ccfhditibhs. The rrfcdel 
jy^ll be tested to.desti^ction ui^der a selected* Toadirig cask - 

The acceptance of Air Force mqbile sheUeVs is^Hfedon * 
* the results of structural tesls thaPare belieVed tovr>mulate 
the transportation and operational loads that^-tiie shelters 
experience during their service lives. This procedure, can 
lead toisnelters that are ovejr* designed with respectxo 
qertain service loads and is costly when the shelter^TdJs^to 
pass spme of' the required tesl;5. 



In this project, a study will be made to identify and 
estimate the probable loads shelters will experience. Struc- 
yiral models will Ije developed io represent the basic 

' shelter types dnd shelter responses to probable loads. 

^ Instrumentation to measure and record sl^elter responses 
in actual load tests will be recommended and a field-test 
program will be outlined to provide shelter responses for 
comparison with the analytical results. 
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. buildiing standards, 
improvem'ent and 
implementation" 

Jeunes Pielert , * 
^Office efB^ildirig Codes and Standards 
^Services- 301-921^146 

Sponsor '.national Bureau of Slqndapis 
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This multifaceted' project involves the interaction of^he 
Bureau with the building regulatory sector, the model code 
writing organizations-, the buildrijg standards generating 
groups and the building community as W whole. Thi§ will be 
facilitated by tf\e establishment of an Institute for AppRed^ • 
Technology (lAT) Building Standards Council for identify^ 
ing priority standards requiring the Qentet s expertise and' 
for developing input for these standards organizations!^ This 
^'^^?'"! coordinate the Center's mobile home research • 
. activities ttJ speed the transfer \)f results lo users through 
. • the standards generating pro(;pss. Additionally, future 
support will be provided to the Nati6nal Institute of Build- 
ing Science. 

During FY75, the Standards Council identified /our high * 
priority Standards; American National Standards institute, 
, Inc. (ANSI> Committees A40, A56, A58, and AMQ.' The con* 
cept of the Center providing administration assistance was 
adopted by the Standards Council. //.'VS/ A119A • Mobile ' 
Homes and Recreational Vehicles: the. Center actively parti- 
cipated in the development of ANSr A119.M975 which 
was adopted by ANSI in February 1975. Coordination of 
• • the Center for Bbilding Technology riiobile home activities 

continued and a Federal Mobile Home \!^*orkshop was held * 
^ ii^AIarch 1975. ANSI A40 - Minimum ^Requirements/ 
Plumbing/ the Bur^u has strongly encouraged the up-* 
dating of the National.^lumbing Code. Input' to the com-"" 
mittee was provided by'presentations at three meetings by 
the CenteV's staff mmb^rs.^ A^cpmplementary activity 
based on the Center's presentations is the development of a 
plumbing performance standard. , - ^ 

During FY76, the lAT Building Standards Council be-. * 
came operational with maintenance support provided for « 
, high priority standards. These jnclude.ANSI A40^ A41, 
A58,-A119, Foundations and Excavations* the American 
Society for Heating, Refxigerating^and Air-Coriditioning 
Engineers 9075 and Solar Stan^irds. The Center also will, 
among other activities, publish and maintain ^ listing of all' ' 
standards referenced in State and model building-related 
. codes and the codes of 30 ^largest U.S.^tities, identifying 
4,he current standard and those sections- in the codes where 
-thpi^jy-e referenced. This project will' be coordinated with 
A'e Standards Information-Services Section of !AT. this 
list will be annuaily^ appended;and Updated, then printed 
and distributed W the National Con 
Building Codes and Stahdards,^th#^e6unijil oflrAmencari 
^li^Pg Qfficjals^^ari^ the Associadon ofcMajor Git^ 
B^iJ^m'g Pl^^^ buiiaing.code file ' 

/adopJid^?;! tatewidVcpd^^^ t hpse^^codes, puBI^^^^ by the, 
, %n^o<lel^^&d^^^^^^ those tddes aSo^te'd by/tjhe *^ 

\ ^<ferg^^t|^in the UJ^.^^^ ' 
tajned^^^^ " 
c^l^ipletfe^ness|-^,a^ . ^ 
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•NATIONAL COSF:BRENeE OF STATES 
• ON BUILDING COPES AND 
STANDARDS ' 

Sandra Berry / ^ . 

Office of Building Codes and Standards 

Services ' 30 1 ^92 1 ^3 jf 6 

Sponsor -Wational Bureau of Staitddtds 



The biiildiiig regulator) S)atem, increasiiiglv a State 
function, represents the public interest in the debign, con- 
struction, and operation of b^uilt environinent. The " • 
, National Conference of States on Building Codes and 
Standards (NCSBCS) is a means by which' the Center's re- 
search can reach the regulatory agencies with little delay. 
NCSBCS IS a Vehicle hj helping the Center identify build- 1 
ing re$i?arch needs because State regulatory agencies are in 
d^irect daily contact wilh building users and constructors. 
This is an effective means for cooperative pat^ticipation of 
al] levels of government in reaching decisions regarding 
supportive technicqj assistance, research, and finance. 

This year, the Center is providing NCSBCS with, con- ^ 
tihuing Secretariat assistance, as necessary; providing a 
senior technicaljid visor to its Board of Directors; provid- 
ing technical assistance and support to participating 
organizations of NCSBCS;^and providing liaison between 
the States aii'd the codes and standards generating organiza* 
tions and the Federal Go\ern'nient. The (Center is albO 
•giving direct technical input to NCSBCS standing com- j 
mittees. 



LABORATORY EVALUATION AND 
ACCREDITATION PROGRAM 

Patrick' Cooke ^ 

Office of BuildingXiodes and Standards 

Services - 301^921-3361 ^ 

^Sponsor ' yational Bureau of Standards * 



As requested by the National Conference of States on 
Building CoJes and Standards (NCSBCS), a Laboratory 
Evtsluation and*Accr.editation Program (LEAP) was estab- 
lished to develop criteria ancj a methodology to determine 
the capabilities of laboratories and agencies to perform the. \ 
engineering analysis, testing, and inspection required by_-^ * 
building r^ulatory authorities. The LEAP project 
developed specific .criteria and merhodologj documents for 
such agencies to perform regulatory functions dealing with 
thp construction of manufactured buildings. These docu- , 
ments have Been reviewed by NCSBCS and hav§ been pro- 
ceised by the American Society for Testing and Materials « 
as^ational consensus standards. Pilot projects with 
individual States and with NCSBCS were underway to 
demonstrate the procedural mechanisms for laboratory 
evaluation and accreditation ba'Sed on the LEAP concepts. * 



. COOrfDINAtED EVALU.ATION SYSTEM 

^ Patfick Cqojce > ^ ^ 

.. Offite pf Studding Codes and Standards 
- , Services - 361-921 -3447 



Sponsor • irationtd.Buredu Of Standards 
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The operational concept of rfie Cdordinated. Evaluation 
System (CES) has been addpted in several Stale agencies 
I involved in the regulation of mobile.homes and manu- 
factiTifed buildings. Independent third-party evaluation 
agencies^and manufactured building producers have also 
incorporated CES-d^veloped model documents into their 
activities relating lojnslitulional evaluation and /egulatpry 
comphance funclions. Computer-based-informaWon sys- 
tems Jo summarize and report oif^he^tatus of State * 
building r egu la tocy programs for mobile homes, manu- 
factured buildings,.ancl^preemptive building codes and 
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COORDINAtED METRIC 
BIMENSIONS ROR BUILDINGS 

Charles^Mahaffey ^, , \ 
Office of Building Codes and Standards 
Services '30l'92h3l46 

sponsor • Nadoniil''B^^ of Stafidgrds 




standards for conventional construction have been 
developed in conjunction with on-going data collection 
' activities. A study to determine The extent which the 
» American NationaJStandard^^Institute, Inc. (ANSI) 
Hobile Home Construction Standard, ANSI A119.1, has 
been mt^ified by individual'Sjfat^' amendments, w^s 
completed. , 

In FY75, the information on mobile homes and manu- 
factuted building regulatory programs adopted by the 
States-was significantly expanded and resulted in the publi- 
catidn^of two summary reports. A national survey on the 
••adoption of statewide building codes anc^building speciality 
. .Qo^ies h^s provided the first reliable data-on the nurnter, ^ 
type, degree of {)reemption, and coverage tff St^te buildiog 
' regulatorj;^programs, ahd the specific codes and standards 
used. The CES final report, on model documents for 
regulation of manufactured buildings corppletes thiy Aspect 
of project activity. ^ ♦^^T^ f 

In FY76, this work was extended by a report on the« 
adoption of statewide building codes for conventional con- 
struction. The project will also report on the status and^ 
extent to which* individual States have adopted and/ or - 
modified codes and standards dealing with the constructido 
of manufactured housing. The Center is developing a 
^ methodology to study the impact* of statewide building 
codes o7t costs and performance, inconsistent code provh 
sions-on cost^and performance, and the ^xtenV^of over- 
lapping regulatory jurisdictions andjheir ynpact on per- 
formance. ' ^ r < ^ 

The^enterjor Building. Technology (CBT) will j)rovjde." 
leadership ta'tfi^. building coifinuinity in<|hfr investiga^on, 
planning and scheduling of a program guiding ih^ effective 
participatiofi of all sectors otthe community, in a rational- 
ized jnelric cpaversrojn of its measiiremery-sensitive design 

' ronceplsrb'uilding relations, standards,'and related codes 

- oT-jfraclice. • * ' 

^ During FY76, CBT will maintain and expand its involves 
ment in the activities of the Amerflfcpn National Metric 
Cou*n (ANMC), aridl^sist the ANMG Qjdes and Stand-', 
ards Sector and selected other sectfors'to develqg: a U!S/ 
plan for. the converSior\, of building standards and i2odes to 
CQ^dinale metric. dimensionslntencTecf^for^^ 
before start of the offic'ial ^Sv n!^ arirfa, 

; ;U.S:^plan for th? conver^on.of gilding standards and 

,,po5^4o*cqprdinate:metrfc"^^ in|end6*d for ' ^ ^ 

imye^ehtation%fterst j^^^^^^ of the official tj.S.lmi^jpatiori 
prograjp; ' ' - . . \ * \ ' 

CBT'wilj}'puW 

y4'''?"s^segments<^f the asslsf ' 

^ima;prpj^ram, of mdrjcation;%^^ The Gentler 





will develop talks individually tailored tq each of several . 
* ^eyigroups, such as designers, contractors, product manu- * 
* facturers, codes and standard]^ organisations, public build- 
ing agencies (Federal, state, and local), and labor, on their ^ 
invojvement in coordinated metric dimensions for bujldings. 



. METRICATION AND DIMENSIONAL ' , 
COORDINATION: A LITERATURE 
SEARCH 

Robert Wehrli 

echnicai Evaluation Application Division - 
301^921 '3595 * " ' ^ 

^ • 

Spmisor ' NationalMuredu of Standards 



There is a great deal -of literature and some^ biblio- 
graphies on metrication and dimensional coordination. 
However, much of the liflrature is obsolete (da]fugs|)ack to 
the 19^M)'s), "derivative (simply referencing other primary 
sources), or trivial. The purjiQse of this project is to pro- 
duce a report supplying aHfmited number of abstracts that 
address crucial issues. /Fypical issues are: How can stocks 
of building materials mih ojd "customary'' sizes.b^ 
coordinated with- the new metric sizes? How c^n tradesmen 
be taught the metric system? How can ^dnnensionsbe 
coordinated across types of products? " 



RESEARCH CONFERENCE ON THE 
BUILDING REGULATORY PROCESS 

James Gross ' 

Ojffice of Building Codes and Standards 
Service^ '30^921-3132 

Sponsor ' National Bureau of Standards 



TECHNOLOGY FOR BUILDING 
StANDARDS AND REGULATIONS 

Patrick Cooke^'^^ 

Office, of Building Code^^and Standardsi^ 
Services^- 301^921-3361 " ^ 

Sponsors^ National Buredu of Standards ^ 
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A series of biannual workshops ort the many aspects of 
tlje building regulatory process — each focused on a speci- 
fied issue— provides a 'forum for^ researcher3 from in'dus- ' 
trial and academic organizations, as well as voluntary 

, associations and public interest groups. The workshops ' 
enabie them to consolidate what is^nown and to write a 
res^rch agenda for what is not known. Findings wifl be 
conveyed to the research community, to professionals in 
practice, to concerned indqstries, and to government 
agencies- The workshops and associated publications pro- 
. vide visibilityUo this important influence on the evolution 

%of building prActice.'«The current lack of visibility has bred 
widespread suspicion about its legitimacy and its efficacy. 



Building re^lalions (i.e., building codes and standards 
and design sp(!cincations)'*are the communications and 
control system for much of th^bi^^lding and construction 
. in'this countny. The develppmerji of a way to formulate 
^and exi^resS specification pro^vj^ipns that are clear, com- 
plete,/and correct Would have^n)any benefits. In parti cu- 
lar, it would/be an aid to all biiilding officials^in developing 
a b^ter understanding of the/iuilding ;fegulatory and * 
slyQndar ds-gene rat irJg processes. Also, the fortnulation and 
pression of specification, /Standard, and cofe-^proyisions 
s traditionally a rr^ajor exp!ense injhe building and con- 
struction enterprise — an enterprise that must absorb sub- 
stantial'lpsses if errors due to ambiguity occur. . y , 

-ilnitially, project efforts will focus on the development of 
fnterim guides ahd^compjuter aids for specifications; stand- 



\ 



. ards, ^nd codes ^ong with prototype application^ of the 

Mechnojogy. The approach to.be used in this program will 
include specific tasks, to be carried but between various 

universities, architectural and engineering firms, and model 
code- a*n?*§tapdards organizations. ^ 
Last year, a Contract 'Technology for the FormOlation ' 
and Expression of Specification'," was awarded to the Uni- 
versity of Illinois^ Four areas of work have been pursued: 
(1) prototype algorithms for preparing outFines of'specifica 
tions; (2) decision-table analysis and concepts 'Cor th^lbgi- 
cal formulation of .specifications; (3) network* represeAta- * 

' tion; and (4) dlevelopmenl .of a user's manual for the 
computer program-. ( . ^ 



APPLICATION OF DEtlSION TABLES 
TO LJFE SAFETY CODE 

, James Cross » . ' 
Offtct^ of Budding Cpdcs andStanAards ^ « ' 
Services • 30 1 -92 1 -3447 ^ ^ * 

■* < 
Sponsor - Department of Healthy Education and. 
Welfare , 
> 



The need for clear, colnplete, and correct expressidrTof 
specifications i$ obvious.^ Some of the agencies involved in 
the administration and.enforcement of the Life §af^ety Code 
have expressed interest in the development of improve- 
ments to the code. Accordingly, the objectiw of this re- ^ 
search is to determine the applicahiiily of decision-table ' 
analysis to the^d^cision activities of the Prdgram for 
Design Concept in the Center for Fire Research. , 
^ The test project wilUddress section 10-53 of the code, 
'Protection." 'The methodology employed will be the 
decision-table format using the decisfon-table algorithms 
and related f)rocedures developed by the University of 
Illinois. « ' 
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HOUSING TECHNOLOGY ' 

Thomas Faisorr 

Office fif Hftusing, and Building Technology- 
301 -9^1^.3231 - 

Sponsor*' National Bui'eau of Standards - 



The^housing technology effort is directed toward ex- ^ 
^ ploring those area§ most useful in me^eting critical housing 
, needs They include: '^(1) a need for the identification of 
research piiojects o(ia|liigh-priority naturerand (2) the, 
planning for researcli Wforts to be undertaken in, support 
.pf a'solar energ>' progrJ^m. The activitieaJioncen« 
'trat ed on defining high-priority research proj^ts fo/ } 
"'housing, advanciiig mobile home research pTanning, and 
. continuing investi^gations and planning, and residential appi 
'cations of solar energy. Continued liaison with the > 
Depdrtment of Housing and Urban Development and other 
• organizations is instrumental in developing new high 
priority projects^s parrof a total research package for-^ 
nous^ng le'chnofogy. " , * ^ 



DEPARTJlE!>jT OF HOUSING "AND 
URBAN DEVELOPMENT LEAD PAINT 
HAZARDS \ 

Harvey Berger ^ t * 

Office of Housing and Building Technology - 

3Gl'92l'323l ^ 

> ' ^ • 
Sponsor ■ Department of Housing and Urbdn 

Development ' 
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Approjcimately 500,000 children, below the age of seven 
years, have excessive levels of lead in their blood. Also, . 
some 30 million dwelling units, curr^tly occupied, were' ' 
built before 19^1^ and probably contain some hazardous 
dead-based paint. The Qost of lead paint hazard^abatemefit 
may range from S200-S2,000 per dv^elling unit. Public . 
-. '...w ^'^^ Lead^Based Poisoning Prevention Act, re: 

v^rres that ^e Department oTUousing and Urban Develop- 
ment (HUD) carry out a researcli ^program to determine 
the nature and extent of the lead-based paint poisoning 
■probleifi and means of it5*elimination. The Bureau is pro- 
viding technical assistance to HUD in carrying out that 

program. 

The lead pai^t poisoning project was established within^ 
^th^ Center for Building Technplogy (CBT) to7)rovide V 
managem^tfor the overall effort. 'Persor^nel front CBT ' 
^ and the Bureau's Applied Mathematics Division are 
assigned to the projecTs The Bureau's Analytical Chem-' ' 
istry Division provides ^pport in special areas. The wide 

• variety of technical activities requires a truly interdis- 
ciplinary team and the staff inclujles prefessions-such as: ^ 
chemistry, mathematics, {{peralions research, architecture, • . 

. information science, engineering and others., * 

In FY75^the foljowing mJjor tasks were accomplished: 
(1) moniior^d^ survey in Pittsburgh of 3,600 d>vyiings 
and 500 children living in those dwellings, for. lead paint 
hazards and carried out data reductioa and preliminary 

• data analysis activities; (2) monitored HUD's field demon- 
, ^iratmn of lead hazard abatement iriethods in Washington 

D;C;, and Atlanta, Georgia, and evaluated the performance , 

developed meth^^s of analysis for an 
acerbfc subslance'for use in paint as a deterenl to Inges- > 

• lipn; (4) carried out an information survey and d*eveloped 
^ajibrary on lead painrpoisoning technology; (5) con-. ' 

Iracted for the design of a suVvey for lead paint in HUD*s ' 
^ buildingsVand (6), designed a field experiment to evaluate * 



COMPENDIUM OF TEST METHODS 
USED ik OPERATION 
BREAKTHROUGH 

David Waksman 

Office of ffousing and Building Technology - 
301^921^285 

Spog^or ' Department of Housing and Urban 
Development 



PERFORMANCE STANDARDS FOR 
SPECIAL AND INNOVATTOE' / > . 
CONSTRUCTION , . • 

Jfiofhof Faispn 

Office^ of Housing ghd^ Building Xecknolpgy 
36h92m23l ' r-^ 



SpQnspf- Depqrtmmt of Housing and Urban 
, Development , , 



alternative lead poisoning control.strategies. ^' * ^ _ 

In FY76, the Bureau is; (1) evaluating a portable lead- 
detection instrument being developed unjler HUD con- ^ 
tracts^ (2)>boSipletmg analysis pf the PiUsburgh surv6y 
Jul j^eparing plan^ for additional surveys; |S) ,nSonitoring 
^nd evaluating conjlin^mg field 4emonstratU)ns of abate- . 

,wment methods and evalugiting their cost-effectiveness; (4) 
evaluating'additional acerbib substanqes; (5) monitoring 
CBT contracts for the preparation of survey and experi- 
ment designs and industjy searchers for jiew abatement 
methods; (6) carrying out physical tests of materials sub- 
mitted as potential abatement methods; (7) jjr.oviding tech- 
nical monitoring, of HUD development contracts; (8) pre- 
paring new information prototypes* on various aspects Of 
lead^aint poisoning for dissemination by HUD; arid (9) 

, designing an overall Clearinghouse pVogram for HUD. 

• ' ' ■ ■ ; - Y 

' This project io identifying laboratory test tnethods jised t 
* trv^luate the innovative housing systems proposed for 
'Operation Breakthrough and to prepare a documentjile- 
. scribing^^hes^'t^st'methods.iir such a manner ihat thej' 
would be of use to tfie,.h9using industry. Operation Break- 
t|irough was established^by the Department of Housing and 
Uj;ban Development to »t|mula:te therdeveloprfTent of 
y "residential cetnstruction concepts tfiat'Vojuld increase the * 
housing productiqn.rate and thOs assist in meeting the 
Nation's-housing needs. Since many of the systems pro- 
posed by industry were innovative," oftensive laboratory 

• testing was required during the dfesign and development . 
phase of the Breakthrough Program, t© judge c^helhipr inrfo- 
vative diesigfls would proTide satisfactory performance 
duringitlje life of the^tructure. In many cases, existing 

% standard test metha^3[s could not Ije used and it was neces- 

sary t^ , develop new labbratdry.procedures. ^ \ 

' Thi^ project reviewed' all test reports, and.a compilation 

• of test methods was developed.. Test methods were organ- 
" izrf'by function and disciplihe/and the testing philosophy 

^ • and jc^ipriale wpre intluded along with the spepific test 
descriptions in the cpiyTgendium/ . ' . - 

" ' ' ' . - " "'^ * . ^^ / 

In sir^itt^of the Department pf Housing^and iJrban 
" Developafent*s (HUD) mortgage insurafnce\progra5m, there 
^ ^^is a needTor th^ development of^performance-basedstand- 

*^rds to dllow for the iiiirocjuctipn 61^^^ 
* ' ^ili^oyative .designs in the cpnstrucHonrj^rpcess^ Specific- 
\3reas of research, vire identifi^S.-as^i relult^f Operation 
. Breakthroughi Current HQP-spon'spreH. r^ 

are orientedCtoward development ^feperform criteHa 
andrmethqds?of evaluation.' They are fed dffectly into , , 
"draft, performance standards^ The performande standards 



are intended to responsive to HUD*s nTeds arid to pro* 
vide equivalent performance as would-be expected from use' 
of the HUD Minimum Property Standaras forcmivention^l > 
^coiis^^uction. / . I ' I 

Aflraft of the-'perJbrma^ce standard3 in the format ~ ^ 
determined by tiUD has been submitted for HUD's"' 
approval. ; - 



METHODOLOGY HANDBOOK- FOR 
HOUSING SURVEYS • 

Stephen Margulis l ' ^ ' ^ 
Technical Evaldation Ld^ Application Dhisioa'- 
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Irt<conducting fbuV surveys of fhe^ Department of> * 
Housing and Ur|/an D^evelopment's (HUD^^Operation / 
Breakthcough housmg, the Center has developed a series of 
questionnaires. The four surveys are (.1) work orders, {2} 
visitors, W"exil'\ (people moving away from Operation 
BreaMhrovigh homes),- and (4) occupants. Since it is^_ • - 
apparent^that these surveys would be useful for many' 
other tyiies c/f. hoxisilg, this project will assemble these 
, mat^riS^s into a methodology handbook for use by others 
who may wish to con&uct^sujfe^s. In somp cases, the * 
surveyis could be used for basic information, with new_ 
sections added to give greater emphasis to a special^Idpic* 
sucK>as security, safety, or lead paint poisoning; in other 
■cases, the dgcuments and methods r nii|fj C ,>^Hapted t o . ' ' 
other building types such a^^ mobile homes, hospitals, or 
offices. * 



Fim G0MPE1NDIUM.FOR OPERATION 
. BREAKTHROUGH' 

^'^^avid Wakman ^ 

Office of Housing and Building Technology • « 
301*921-3285 ^ ^ 

Sponsor - Department of Housing and Urban 
* Development .^^ , ' ♦ / 



. COORDINATING FIRE ST^iNDARDS 
RESEARCHrSUPPRESSION 

Harry Thompson * ^ ' - 

^ffice of dousing and Building Technology . 
''^0h921<3233 ' . 

Sponsor - Department. of Housing and Urban 
^' * Development . . * 




A compendium summarizing the fire testing performed ' 
und^r the au^is^s of Operation Breakthrough was pre- 
pared for publicaUon'by^tl^'fe Department of Housing and 
Urban Developmerft. This document describes in detail, 
. the material? and system designs evaluated ajid the types of 
tests performed. Since many of the systems evaluateihand 
tests performed were innovative* the compendium is or 
value to both tbe'home building industry and organizations 
"lore directly concerned 'with fire hazards. The test ' 
descriptions were organized by typeof test and housing 
system compo nent? te st methods and re^lt^ 'pjufribbmpo- ' 
nent descriptions were included in the compendiu^^ 

* * * ' ' ' * 

-The Center for Building Technology is. coordinating wit^i 
^ the Center for Fire Reseafch a.project of fire standards^- 
research for suppression. This Reject is-devejapingTrer- 
formance and engineeringjesign data for automatic - > ^ . 
sprinklers to j)r^oduce. rrfore^cost effective design approach7 ^ 
fdr|noh-commercial/ind|ustrjal applications, and tp. enhlineei 
thrattractivane^ss o/ a^utomatic sprinkler for life safety. 
Automatic sprinlcler sys^ms are dne of the be^tibxjlravark--. . 
/able. for the protectjon p^eopleirp^^^ CurrentijTthe : ^ 
^ ' , cosbbT sprinkler systemsjrorHife safety-is Wcesiive a% 

■'^ ' . " ^ - ^-T^r 

« / ■■ - - ' - "5v - ** , • , - 



result of the^over design developed for .Corn mere i^l and 
industrial applications. . ( 

TJiie objectives of thisproj^ect are:^(l^ develop dM^i 
criteria for corridor sprinkler sy>sienis for fire eontaininent; 
(2) exai1?Hte existing perfonna7^c6 specifications f6r 
sprinkler systems and components for potential cost re- 
ductrtJns; and*(3) study effects of automatic sprinklerv= 
operation on the physical and i^libmical (toxicj propeptjes 
of fire effluent. V [ . \ , < 

Work hasjbeen completed on tlio distribution ofv */ * z 
sprinkler vCater spray through door openings. *A drafts* ' *" 
report has been prepared. Full-scale fire expq^urj? tests 
al^o have b'een completeJ and the results are being 
analyzed i^r propafation of witorim performance, criteria 
sprinkler systems. Groundwork has been laid for sprinkler 
piping crjtena by complete Review of existing piping 
standards. ' * . * • 



BLILD^NGITECHNOLOGY 
liNFO^MATION 



Nfipl RnnfriAtp 



Center for Building Technology Headquarter^ 
30^921-3106 

Sponsor • National Bureau of Standards 



Information is the Center's ultimate product. Fhis pro* 
ject is*aiined at effective product delivery through skillful 
* dissemin ation techni guec; apH nn nn /jar-StnnHing. nf the 



information needed by the* building community. To this * 
end, the Center has established a multidimensional infor- 
mation progr^*. It brpadcastSL^reaearch findings, accom: 
modates«specific 'inquiries, and interacts witl\^.the building^ 
community through liaison activities with builcling groups, 
the hosting ^f tou*rs an^gonferences a>-'the Bureau, and 
attendance at meetings and conventions of building organ- 
izations^ All* this permits' a two-waty information flow; feed 
back assists the information program in meeting the needs 
of the building community's research, policy-making, appl^ 
cation, arid consuming sectors. . 



FEDERAL BUILDING TECHNOLOGY 

Harry Thompson ' 301-92^3233 
Office of Housing and Building Technology - 
'30U92L3233i^ 

Spons^t^W^ional Burequ of Standards 



This project is designed t9 effectively disseminate 
research to the Federal agencies, to coordinate Federal 
Activity in 'building research, and to provide technology to 
i^^Sisist Federal agencies.* These objectives are met hy, ' ♦ 
ip^soring, monthly workshops on building technology for 
- . Federal represerft^i^S; participating* in tK^^e^eral Con- 
struction Coupcsil meetings; "disseminating research r3- 
. suits and reports; maintaining liajson with other^Federal 
^ agencies, developing new techniques for use b^oth^r- 
, acencies, participating in committees, seminars, and work* 
2 V shopsj^aiHtaining a Federal buildirfg. criteria reference 
service. " • 
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BUILDINGTROCUREMENT 
WORKSHOPS . 

I^arry Thompson •301-921^233 

Sponsors - National Bureau of Standards; 

Department of Health, Education, and 
IF elf are; ^ ^ 

General Services Administration; 
Veterans Administration; 
Department of the Army; 
Office of Mxmhgement nnd Budget; 
^National Aeronautics and Space 
Administrationi and 
United States Postal Service ' 



TECHNICAL AND SCIEf^TIFIC 
SUPPORT TO THE OCCUPATIO!>^AL 
SAFETY AND HEALTH 
ADMINISTRATION . . " 

Brian Piemian 

Office of Housing and Building Technology • 
301-92^3231 : ' ^ 

Sponsor ' Occupational Safety and Health 
Administration 



In the past ten years, the Feder^J^ design and construe- 
• tion agencies, as well as others in ihe building commuxivty/ 
have gone through a period of change that lias seen new 
disciplines and^ manjagement 'pr©cess6$ enter into the 
l^ilding community. !Vow that the'building (immunity 
has been in this transition peridd for a fbw years, 'the 
Federal agencies can evaluate the benefits of these acti- 
vities and be ready .to use and optimize^them in making 
future choices. The need for evaluation of old and new 
methods has been expressed by Congress and the Comp- 
troller General i^ some of their repent reports aYid legisia- 
' tion.*r 

As a result, thi^ project consisted of a jointly sponsorecl 
series.of^rkshops^entitled, "AnSweV^ for the' Building 
» Community.'* The* jpecific workshops were: (1) The 
Ne<v Connection: OwilerS"&,\|anufaciurers, University of 
Wisconsin, Sept. 10-12, 1975; j2) Long Term Economy: 
Systematic Basis for the Construction, Operation and 
Reu6e of Buildin&gs, Harvard University, Nov. 3-4, J975; 
(3) Alternative Processes in building Procurement, Uni- 
versity of Illinois, mv. 16-19, 1975; (4) Optimizing the 
Choices: A National Symposium, Njitional Bureau of 
Standards, Mar. 24-25, 1976. . v ' 

It is important that tjie O|;cupational Safety and H^ilth 
Administration "(OSHA) standards be based on data, oltser- 
vations, and research that technically substantiates a safe ^ 
Mvorking environment. Whemahis technical substantiation 
IS not available, there are- increased delays in issuing 
OSHA standards. ' ^ 

The diverse expertise, equipment^ and laboratories of the 
Center for Building Technplogy (CBT) are thus being used<^ 
to develop performance criteria'and supporting research to 
rrteet OSHA objectives. In many i^jgtances, the identifitja^ 
lion of problem areas-will result from discussion, jcon- 
suiting, and advisory assistance with CBT.: In addition, 
CBT provides overall program management by providing a 
central focus between OSHA and the National Bureau of • 
Slaridard^(NBS) research cominunit)^y^m plied in the*' - 
interagency agreement between OjH#and NBS. CBT Will, 
through* this central foCus, p^lride lihison, comrnuni(jja- 
tions, and dissemination.of research finformatiofiT as a . ' 
routine basis and wi^ ih^niKJr the^nfogri^ss,p1[.the work. 



. . . TECHNICAL ANDTSCIENTIFIC 

SUPPORT TO THE TRI-SERVICES 
' ' ' COlV^Mnff EE * X> ^ 



. • : Briaxt Pietr^dA > 



. / (Sffice of tijousitig and Biiildiv^ Technology-^^- - 
'301:921-3232^^ • 



"'Sponsor ' Tri'S^ices Committee 



This project assists the Tri-Services Commitfee ii\ their/ 
researchj»and'dev/lopment,of criteria and s]^ecifications» It 
also provides, practical support to complete meaningful civil 
ehginAring tasks. : . — * . / ' 

Durirtg IT7|,^eighl other building rese^ch.laslcs were 
successfully cpmpleled for the Tri'Sl^rvices Cdmmittee. In 
FYt 6, the folbwlng research projects^Mve beeri,fun(Jed (1) 
E^thquake-Besislant Desi^ bfM Structures;' (2). 
Evaluation pfEiastomerie Roofing; (3) Investigation of * 
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^aterproofing^practicea; (4) Building Jojnt Sealants; (5) 
Aluminym Wiring in Branch Circuits; (6) Underground 
Chilled Water and Heat Distribution Systems; (7) Fiel^ 
Testing of Reduced Size Ventjng; and (8) Consultative 
Services. Eac{i of these studies has been described else- 
where in this report. " ! ' 

The Center's professional staff daily receive telephone , 
_ calls'Trom Tri-Services Committee personnel requesting 
,radvice.^ Typical of such requests are calls aboui the* » 
durability of calcium silicate and the heayr^ns£er of 
calcium silicate, suitability of using protexluales (insula- 
titon), underground* pipe iiriteria, hydwilic criteria, paints, 
coatings, adh^sives and on structural related problems'. « 



LNTERNATION^L BlJlLDING 
RESEARCH ^ y 

^ Noel Raufaste 

^ Center for Building Technology Headquarters « 
30h921'3106 ;i 

Sponsor - National Bureau of Standards 



CENTEft^EOR BUILDING 
TECHNdLbGY/BRAZir 
COOPERATIYE TRAINING ■ 
PJ^OGRAM , ' 

JJanj Thompson' * ^ -^^ 
(Office of Fej^eralfiutUi^'X^^ 
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Thj9' International Building Research Projects respond 
to foreign requests for techn^l literature on building re- 
• search. The program supports complementary research 
programs, and exchange of techiiical staff, provides parti- 
cipation in in|errtational conferences, and provides tech- 
nical assistance to develo{)ing C9untries. 

Liaison 'with the t olio wing organizations cpntinues (1) 
U.S./French Cooperative Program, Qentre for Scientifique , 
et Technique^ du B^timent/Center for Building Technology; 

. (2) JnternationarCouncil for Buildiftg Research Studies 

•'^^nd Documentation (durability of materials, wind load, fire 
research, medical facilities); (3) coQpgrative program wbji 
the Building Research Establish;neQt, United Kingdom 
(water supply and drainage, heaC pumps, lighting standards 
for office building, and winH loads); (4) Ministry of Con- 
struction, Japan (U-S./Japan» Panel* 6n^ind and Seismic 
Effects); and (5) Institute of Research Techn'ology, B^^il 
^trainingl^Suilding technology).. Thd Ciejiter for Building 
Technoldgy (CBT^ provided rechnical evaluation as|istance. 
4p ^ Natioriaf Bureau of Statidanjs/Agenty for lnter- 
nation^l^Deyelopment survey of the state-of-the-art-of 

. Philippine building technobgy. CjBT participated in inter- 
^national organizations such as the tnternatiofial Council 

■- for Building Research Studies and Ddleumerriation, Inter- 
national Organizatioi) Jor Standards^ the InternationaU 
tJnion of Testing and Research*Laboratones for Materfals 
and Strlictures, an3 thd International fnstitute of Refriger- 

' ation. r ^ 



The Center for Bpillding Technology is providing, ' 
^ through a training program fona staff member of the 
^ Institute of Research Techndlpgy (IPT), Brazil, advice ^nd 
f :assistance^.q*^ increase jn^yetihnical ^{)d3ility«in buUding^---^ 
technology;* i!^*a' result lDjPhis^two;yeirfr trainiiig. pro^m — 
through. ^ireQttnvolvement,-ip reseafch at, the G^nter--5his 
IPT staffer is expected 'to* contribute? to*the iynpfoveinent of 
building teclvioJbgy 'i^ state of Sao Paulo, Brazil. 
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JOINT US/EGYPTIAN 
COOPERATIVE PROGRAiM • 

James Haecker " ^ 
^ Office of Housing and Building technology 

* Sponsor - National Bureau of Standards 



• * .rOlhis project is W assist the Joint U.S./Egyptian Coopera- 
tive Commissio'h by^veloping a cooperajive pfogram in 
building materials and building techn.ology. Th^ U.S./ 
' Egyptian Joint S^idy Group was formed and a meeting was 
held in Cairo in Jarhiar^r il975. A report of the Working 
Group 6n Technology, Research, and Development Was 
published containing 29 projects to be considered. An 
Egyptian technical advispry committee was established and 
an inlroducfor>- meeting was held with the Joint Study' 
.Group. The identification of U^r and Egyptian prbfes- 
sionals wrll continue for' specific areas of technical ex* 
change. The first visit of Egyptian team members in v. 
Building Materials and Technolog>- was in May 1975. 'in 
addition, a National Bureau ofStandards special Foreign ' 

J Currency Prograiif Grant was issued for a building in(br[^ 
mation program. 



, PROGRAiM EVALU ATION- 
AND PLANNING 

Noel Rqufaste • . • 

Renter for Building Technology Headquarters 

301 -92 1-3 106*- 



\ Sponsor - National Bureau of Standards 



This project series as a focal i^<)int for liaison and 
planning coordination among the many Center for BuH$}ing, 
Technology (CBT) and other Naiio^ial Bureau of Standards 
(NBS) units invqlved in»building r^earch. This project 
includes such components as: (l^^direet assistance to CKT 
and NBS on planning building technology activities; (2) 
advisory and technical- evaluation committee activities; 
(3) project/program reviews to assess priority activities; 
and (4) graphic assistance to better communicate techhi'cal 
issues. It is expected to. provide CBT and NBS with new * 
directions in building research'kctivities by developing ' . 

^ improved research plans. 

Also covered is industrial liaifon.with the building com-* 
munity. This includes the Center for Building Technology 

; Advisory Committee, the idAitificatibn of industrial 're- 
search that sh^es and influences the bailding process, and. 

.tKe*development of an efficient and acceptable method for 
continued liaison .with industiy r^earch directors ahd jhe 
management and technical staff of the Center for Building 
Technology* As part of fhis liaison, CBT staffers partici* 
pated in scientilic an^professional conferences and * * 
5emii)ars at NBS, National Academy **of Sciences, National 
Science Foundation, American^nstitute^of Archit^cts^ancl 
various NBS ipfomiation e^^change seminars. 

During FY76, an increased emphasis was^laced on, 
devdopihg a long range" plan and on liaison and'research / 
coordination.between.CBT and other NBS organizations 
concerned with buildings (Center.Tor Fire Research^Center 
for:(insumer Rr6d£fctTech1ftoJpgy, Standards Analy^ • 
and Applications Division, Office of International Rela- ' 
lions. Office of Information Activities, ancf others), » 



